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Abstract 

In this paper we give some generating functions for the Appell function 


1. Introduction 

The object of this paper is to prove some new generating functions for the 

Appell Function F v 

We require the following formulae in our investigation : 

We have [2, p. 268] 
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Equating the coefficients of v m on both sides we get, 
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This completes the proof of (6)* 

In particular if we put m = 0 in (6) we get ( I ). 

In case we put y = x in (6) we get 
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by using (2) and (3) 

3. The second formula to be proved is 

= ( -=%- (M 7 H 2 [1 +A ; -u, -y, 1 ; 1+A-m, l+« j , JL , _*] (8) 

m L X—L V— i 


where 


t 1 + A ; - P, - 7, 1 ; 1 + X - m, 1 + m ; , - *] 


f x \%>fy\q 

— 2 (1 jl Alllii iz 7 )g (Hr \a? ~ 1 y - ly 


r I 


p,q>r-° (1 f A - m )<pt-q~r l 1 + tn) r pi q 

Proof : By using (4) in the left member of (8) we get 

(i->r (1 -yv s 'iY L tX'S F, [ 1+i; ■'•' T ; : Ai- A ] 

(-A)ot / l_ x \IM (1 .A ” (i)w , n *? (l + \)p+<? (-^)j3 (-y)g A * V/"_^_ V 

i mT^ ' m =0 (l + m)„ n ! p, a =o (l + A.-n-m)i>+g p ! ?! \*~1 J V J>~ 1 J 

CO ( * Y( j Y( t)n 

_ _(-X)m (l-j>)' y 2 ( l+A) ff+ g ( -Y)g(l) ra \ *~1 / \J’-1 y 

— m! p, 2 ,n=0 (l+A-ffi)^+g-ji (l + w) ra ^5! ?! n! 

= (1 - *) M (1 -J) Y H 2 [1 + a j - p, - 7, 1 j 1+A-m 5 1 + « J ~ 

which completes the proof of (8). 

Again putting m = 0 in (8) we get our result (1). 

4. The third formula to be proved is 
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by (6) 
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In particular if we put w =* 1 in (11) we get by (3). 

! o ( n j F i t- » : - f*» - 7 ; x - n + 1 ; *, J>] 2 Fi ( 8, - n + « 5 j3 ; «) « n 

(1 +t) X 0 + xt ) !X 0 +X> 7 F D [8 ; - x, - /*, - r, a ; 0 ; 1+ y, j— , , d 

Now putting 2 Fj in L.Ii.S. as a Jacobi polynomial by (5) and replacing 

1 - z 

a by -m, /3- 1 by a, 8-/3 by P, z by y we get 

1 |7+” ) - ! - ( t ) P [ °’J~ m ~ n) («) Fi 1-” s -ft -r ; x -»+i 5 t n 

n=o(l + “)m + n\ / m + ” 

= (l+0 x (1+*0 M (1+JO 7 f £) 1 ~X> -M, -7, -m; 1-fa ; 


l(i-z) xt{\-z) Jj(l-g) 

2(1+0 ’ 2(1+*/)' ’ 2(1 +jif) ’ 2 J 

In particular if we put m = 0 in (13) we get 


(13) 


CO 

n 


1 n -^ T - ( i ) P 1 ^ p ~ n) (*) ^ [-# ; -m, -r ; x-*-M ; *>y\ 

i=o(l + «) n \ n / » 

(1 + 0 X (1 +*0^ OHOX 7 -^D _t *> ~ 7 ’ ’ 


/(i-z) xt(l-z) ^(M_ 1 

2(1+0 5 2(l+*0 ’ 2(1 +j0 J 

[ 215 ] 


(14) 



If we put x = y = 0 in (13) and replace \ by t by -t and transform the 
F, in R. H. S. by (4) we get 
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which is the result due to Manocha and Sharma [4], 
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Abstract 

Kinetics of uncatalysed oxidation of morpholine by peroxydisulphate has 
been studied by measuring the rate of disappearance of peroxydisulphate iodome- 
trically. The reaction is of second order, being first order each with respect to 
morpholine and peroxydisulphate respectively. Sodium sulphate and potassium 
sulphate have no effect on the rate of uncataiysed oxidation. Copper sulphate 
slightly and silver nitrate markedly accelerate the rate of oxidation and the rate 
of oxidation is directly proportional to the concentration of AgN0 3 . Energy of 
activation, frequency factor, entropy factor, and entropy of activation have been 
calculated. 

Introduction 

Studies on the kinetics of oxidation of organic nitrogen compounds by peroxy- 
disulphate have received little attention and only a few kinetics investigations in 
this field have been reported. 1 Beileryan 2 and coworkers have studied the oxida- 
tion of some amines and aminoalcohols. Agrawal and Mushran 3 have studied the 
kinetics of silver- ion catalysed oxidation of urea and acetamide. As no systematic 
study of the kinetics of oxidation of Morpholine by peroxydisulphate has been 
made so far, the present authors have undertaken this investigation and the results 
of such a study are presented in this paper. 

Preliminary study indicated that the reaction between morpholine and per- 
oxydisulphate proceeds at a measurable speed at ordinary temperature even in the 
absence of silver-ions. Bisht and Srivastava* have reported in their study of the 
salt effect in silver catalysed oxidation of oxalic by peroxydisulphate that the 
iodometric method of Szabo 5 et al is not suitable for the estimation of persulphate 
as the low concentration of 0*005 M employed in their study. Bartlett and 
Gotman Jr 6 estimated persulphate by a modification of the method recommended 
by Rosin. Allen 7 estimated persulphate by a modification ol Bartlett and Cotmans 5 
procedure. The present authors have found that the method recommended by 
Kolthoff and Carr 8 with a slight modification is suitable for estimation of peroxy- 
disulphate in the present study. The slight modification consists in adding 
2 ml. of 6N acetic acid to 10 ml. of 40% KI s >lution taken in a flask just before 
pipetting out aliquot portion of the reaction mixture in the same flask and allowing 
it to stand for 20 minutes and then titrating the liberated iodine with standard 
hypo solution. The advantage of thi* modification is that it aids in ‘quenching 5 
the reaction between morpholine and peroxydisulphate by converting morpholine 
(which behaves like an aliphatic amine) into the unreactive species (Morp. H + ) 
and all the unreacted pei oxydisulphate liberates iodine. 
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Experimental 

All the chemicals used were of A. R. quality, 
direct weighing. 


Solutions were prepared by 


Measured amount of morpholine was pipetted out in a reaction flask and kept 
• the thermostat maintained at the required reaction temperature. Solution of 
1 t ssium peroxydisulphate was suspended in the other flask at the same tempera- 
P ota A f l( f r allowing sufficient time for the reactants to attain the temperature 
Tthe bath requisite amount of potassium peroxydisuphate solution was pipetted 
01 1 in the reaction flask to start the reaction. 10 ml. aliquots of reaction mixture 
re taken out at suitable intervals of time and added to the flask containing 
mml of 40 0/ KI and 2 ml. of 6N acetic acid. The flask was allowed to stand for 
20 minutes and then the liberated iodine was titrated with standard thiosulphate 
solution using starch indicator. 


Determination of order of reaction 

The order of reaction with respect to peroxydisulphate was found out by 
rwald’s isolation method. The concentration of morpholine was taken m excess 
so that its concentration essentially remains almost constant throughout the course 
f reaction The pseudo first order constant was calculated by the equation : 


K, = 


2-303 


-i°g 10 


a 




and the data for one such experiment are presented in Table 1. 


Temperature 25°G 


Time in minutes 


TABLE I 

Overall concentration 

Morpholine j|T00 ^ 

Potassium per oxydisulphate 0‘005 M 

Vol. of hypo (a-x) ml. K x X 10 2 mm.- 1 


0 

15 

30 

45 

60 

75 

90 

105 

120 


20-30 

17-20 

14-60 

12-30 

10-30 

8-70 

7-30 

605 

5-10 


1-105 

1-098 

1-114 

1-131 

1-130 

1-137 

1-153 

1-152 


Average 


1-127 


The plot of log 10 (a-*) against time was linear (Fig. 1). This shows that the 
order of reaction with respect to peroxydisulphate s 
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The order of reaction with respect to morpholine was determined by using 
the expression 

* m 

n _ wher e K,' and K," 

- (*) 

are the pseudo first order rate constants at two different excess concentrations C 
and C 2 of morpholine respectively. The values of n are recorded in Table 2. 


TABi.E 2 

Temperature 25°G 


Cj C 2 Kj' X 10 3 K/ X 10 2 n 

0-10 M 0-05M 1-127 0-5631 1*001 

0-20 M 0-10M 2-288 1*127 1*021 

0-20 M 0-05M 2-288 0-5631 1-011 


It is quite clear from table 2 that the order of reaction with respect to 
morpholine is one. 

The total order of reaction is thus found to be two, being one with respect 
to each. The values of second order rate constants were obtained by dividing the 
pseudo first order rate constants by the actual concentration of morpholine and 
ihe results at different temperatures are given in Table 3. 


TABLE 3 

Temperature 

Gone, of morpho 

First order 

Second order K s x 10 2 

°G 

line (M) 

Kj x 10 2 min." 1 

lit. mole" 1 minr 1 

20 

0-1 

0-7159 

7-152 

20 

0-2 

1-436 

7*18 

25 

0*05 

0-5631 

11-262 

25 

0-1 

1-127 

11-27 

25 

0-2 

2-288 

11-44 

30 

0-1 

1-79 

17-90 

30 

0-2 

3-496 

17-48 

35 

0-1 

2-724 

27-24 


Table 3 clearly shows that the values of second order rate constant K s at 
any one particular temperature are fairly constant. 
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Effect of Salts 

The effect of adding salts sodium sulphate and potassium sulphate on the 
rate of oxidation is presented in table 4. 

TABLE 4 

Morpholine 0’20 M ; Potassium peroxydisulphate O'OOSM 
Temperature 25°C 


Salt 

Concentration (M) Kj 

X 10 2 min.” 1 



2-288 

Potassium sulphate 

0-005 

2-26 

Potassium sulphate 

C-02 

2-199 

Potassium sulphate 

0-08 

2-228 

Sodium sulphate 

0*02 

2-295 

Sodium sulphate 

0-04 

2-287 

Sodium sulphate 

0*08 

2-258 

There is no significant change on the rate of uncatalysed oxidation on the 

addition of the above salts. 



Effect of copper sulphate and stiver nitrate 


The effect of adding copper sulphate and silver nitrate on the rate of oxida- 

tion are recorded in table 5. 

TABLE 5 


Temperature 20°C. 

Morpholine 0*10 M. 

Potassium peroxydisulphate 0*005 M 


Substance added 

Concentration (M) K x 

X 10 2 minr 1 

- 


0-7159 

CuS0 4 5 PI 2 0 

10 X 10- 5 

0-8445 

CuS0 4 5HP 

30 X 10- 8 

0-8766 

AgNO s 

5 X 10“ 8 

M39 

AgNO a 

10 x lo-° 

1-538 

AgNOa 

15 x 10“ 5 

1-934 

AgN0 3 

20 x 10“ n 

2-349 

AgNOa 

30 X 10- R 

3-132 


A perusal of table 5 shows that at similar concentrations of CuSO^SHaO and 
AgN0 3 , the Cu ++ ions accelerate the rate of oxidation slightly whereas Ag + ions 
accelerate the rate very markedly , It is further found that the relationship 
between the [Ag+'J and K A is linear (Pig, 2). A plot of Kj against [Ag+] yields a 
straight line and the value of K x read from the graph at zero [Ag+] is found to be 
nearly equal to 0*7159 determined experimentally. 
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The energy of activation, frequency factor, entropy factor and entropy 0 | 
activation for the uncatalysed oxidation are found to be 16100 cals./mole, H85* in® 
litres mole- 1 sec.- 1 , 7*023 X 10' 5 and -19-01 e.u. respectively. 

Discussion 

As the uncatalysed reaction is second order, being first order with respect 
to each reactant, the rate of disappearance of peroxydisulphate is given by the 

expression . _ d / dt = K, [Morpholine] [S 2 O s - 2 ] 

The probable mechanism of uncatalysed oxidation of morpholine is : 

slow 

Morpholine + S 2 0 8 ' 2 > (Morp, S a 0 8 )- 2 rate determining 

fast 

(Morp. S 8 0 8 )- 2 + H.O > (Morp. 0)+2HSO, 1 '+ other oxidation products. 

An oxidation product in the case of morpholine is the oxime as qualitative 
test for this group in the reaction mixture indicates the presence of oxime. 
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Abstract 

The Liesegang rings of cadmium sulphide are observed in all the three gel 
media viz * gelatin, agar agar and starch. In the gelatin and starch media both 
‘Direct’ and ‘Revert’ type of rings are obtained. In agar agar media only ‘Direct 5 
type of rings are formed. 

Introduction 

A review of the literature shows that the formation of Liesegang rings ot 
cadmium sulphide in gelatin medium has been reported by Hastchek 1 and Dhar 
and Chatterjee 2 . The periodic precipitation of cadmium sulphide has not been 
reported in agar agar and starch media. During the studies of periodic precipi- 
tation of cadmium sulphide in the gelatin gel it has been observed by us that when 
Cadmium sulphate solution is allowed to diffuse in gel containing Sodium sulphide, 
‘Revert 5 type of rings are obtained and ‘Direct 5 type of rings are formed when 
sodium sulphide solution is allowed to diffuse in the gelatin gel containing 
cadmium sulphate. We have also obtained the Liesegang rings of cadmium 
sulphide in agar agar and starch gels. 


Experimental 

The formation of the periodic precipitate of cadmium sulphide in gelatin gel 
is presented in the following tables : 


TABLE I 

Concentration of cadmium sulphate solution diffusing from the top - 0*04 M 

Number of 
rings 

0-04 M 

Concentration of sodium sulphide in 
6% gelatin gel 

0-02 M 

0-01 M 


0 cms. 

0 cms. 

0 cms. 

i 

0-92 

1-43 

No rings 

2 

1-24 

1-77 


3 

1-44 

1-99 


4 

1-62 

2-17 


5 

1-73 

2-35 


6 

1-83 

2-51 


7 

1-92 

2-67 


8 

2-01 

2 80 


9 

2*10 

2-94 


10 

2-18 

3-08 


11 

2-27 

3-22 


12 

2-35 

3-34 


13 

2-43 

3-46 


14 

2-51 
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TABLE 2 

Concentration of sodium sulphide solution diffusing from the top - 0-1 M 


Concentration of cadmium sulphate in 


Number of 
rings 

0-1 M 

0-02 M 

6% gelatin gel 

•01 M ’0066 M 

0 005 M 


0 cms. 

0 cms. 

0 cms. 

0 cms. 

0 cms. 

1 

0-92 

1-51 

1 -60 

1-62 

2-21 

2 

1T1 

1-59 

1-68 

1-80 

2-62 

3 

133 

1-68 

1-76 

1-98 

3-04 

4 


1-78 

1-85 

2-17 

3-47 

5 


1-90 

1-97 

2-36 

3-92 

6 


2-04 

2' 15 

2-56 

4-83 

7 


2 18 

2-33 

2-76 


8 


2-34 

2-53 

2-97 


9 


2-56 

2*75 

3T9 


10 


2-88 

3-05 

3-41 


11 


3-29 

3-37 

3-73 


12 


3-83 

3-82 

4-07 


13 




4-67 



A persual of table 1 shows that the distances between successive rings 
decrease as the distance of the ring from the top of the gel increases and table i 
shows that the distances between successive rings go on increasing. ‘Revert 1 type 
of rings as given in table 1, are obtained because the sol of cadmium sulphide is 
coagulable by sodium sulphide and stabilized by cadmium ions. 

In agar agar medium the Liesegang rings of cadmium sulphide are observed 
when cadmium sulphate solution is allowed to diffuse in the agar agar gel contain- 
ing sodium sulphide. The results are presented in the following table : 

TABLE 3 


Concentration of cadmium sulphate solution diffusing from the top - 0T M 


Number of 
rings 

0-1 M 

Concentration of sodium sulphide in 

10% agar agar gel 

0*04 M 0*02 M 0*01 M 

0-005 M 


0 cms. 

0 cms. 

0 cms. 

0 cms. 

0 cms, 

i 

0-74 

0-90 

1-72 

2-04 

2*45 

2 

0-94 

1-28 

2-48 

2-76 

3-51 

3 

1T5 

1-71 

3-27 

3-84 


4 

1-36 

2-34 




5 

158 

3-13 




6 

1-80 

3-95 




7 

2-08 





8 

2-38 





9 

2-78 





10 

3-20 





11 

3-80 
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A perusal of table 3 shows that the distances between successive rings go 
0 n increasing as the distance of the ring from the top of the gel increases 
‘Direct’ type of rings are formed . Better rings are obtained when the concentra- 
tion of sodium sulphide in agar agar gel is O’l M. Diffused rings of cadmium 
sulphide are observed when sodium sulphide solution is allowed to diffuse from 
the top in the agar agar gel containing cadmium sulphate. 

Liesegang rings of cadmium sulphide are also obtained in the starch medium 
when cadmium sulphate solution is allowed to diffuse in 6% starch gel containing 
sodium sulphide. Such results are presented in the following tables : 


TABLE 4 

Concentration of cadmium sulphate solution diffusing from the top -O'l M 


Number of 
rings 

Concentration of sodium sulphide in 

6% starch gel 

0*02 M 0*01 M 0*005 M 



0 cms. 


1 

No rings 

1-23 

No rings 

2 


1*53 


3 


1-83 


4 


2-16 


5 


2-48 



TABLE 5 

Concentration of Cadmium sulphate solution diffusing from the top - 0'04 M 


Concentration of sodium sulphide 

in 

Number of 

6% starch gel 


rings 




0-02 M 0 01 M 

0-005 M 


0 cms. 


i 

No rings 1’04 

No rings 

2 

1*34 


3 

1-64 


4 

1-96 
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Rings are formed when the concentration of sodium sulphide in the starch 
gel is 0*01 M. Periodic precipitation of cadmium sulphide is not observed when 
sodium sulphide solution is allowed to diffuse in starch gel containing cadmium 
sulphate. In the presence of small quantities of acid in the starch gel along with 
cadmium sulphate well defined rings of cadmium sulphide are observed on the 
diffusion of sodium sulphide solution from the top. The results are presented i n 
the following table : 


TABLE 6 

Concentration of sodium sulphide solution diffusing from the top - 0 02 M 
Concentration of hydrochloric acid in starch gel - 0‘005 M 


Number of 
rings 

Concentration of cadmium sulphate in 

6% starch gel 

0-02 M 0-01 M 0-005 M 


0 cms. 

0 cms. 

0 cms. 

1 

0-24’ 

0*67 

0-88 

2 

0-32 

0-78 

1-04 

3 

0-38 

0 68 

M8 

4 

0-44 

0-97 

1-32 

5 

0-50 

1*06 

1 46 

6 

0-55 

1-15 

1-58 

7 

0-59 

1-24 

1-70 

8 

0 63 

1-32 

1-80 

9 


1 40 


10 


1-48 


11 


1*56 


12 

1-63 

1-63 



A perusal of the above table shows that the distances between the successive 
nngs go on decreasing as the distance of the rings from the top of the gel increases 
% 6 \ r^ ve . rt ^ re obtained. It is so because the sol of cadmium 

sulphide in starch medium is* coagulable by cadmium sulphate and hydrochloric 
acid and stabilized by sodium sulphide. 
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Abstract 

In the present paper, an analytical solution of the laminar flow of an 
unsteady, incompressible, viscous fluid with uniform distribution of dust particles 
through two rotating coaxial cylinders under the influence of an axial pressure 
gradient has been obtained. It has been found that the velocity of the dust 
particles is more than that of the fluid particle, In the case of very fine dust 
particles, the velocity of the dust particle is the same as that of the fluid particle. 
When the masses of the dust particles tend to zero, the dusty fluid becomes 
ordinary viscous fluid. 

1. Introduction 

SafFman 6 has derived the governing equations of the flow of a dusty gas in 
which the dust is given in terms of a number density of small particles with very 
small volume concentration but appreciable mass concentration. In the same 
paper, he has discussed the stability of plane parallel flows to smaU disturbances. 
Michael 3 has discussed the Kelvin-Helmholtz instability of unidirectional flows 
of fluid particle mixtures with low volume densities of particles. Michael and 
Miller 3 have obtained the solutions for two problems of viscous laminar flows of 
such mixtures using the formulation of Saffman. The motion, induced in the gas 
having uniform distribution of dust, is considered in the two cases when the plane 
moves parallel to itself (i) in simple harmonic motion, and (ii) impulsively from 
rest with uniform velocity. The laminar flow of an unsteady viscous fluid with 
uniform distribution of dust particles through a circular cylinder under 
influence of exponential pressure gradient has ^ been investigated^ by Rao\ 
Miller 4 has discussed the motion and number density of par tides initially at rest, 
under gravity in an incompressible, viscous fluid round a vertical solid cylinder 
in oscillatory rotation. 

In the present paper, the laminar flow of an unsteady, incompressible 
viscous fluid with uniform distribution of dust particles through two rotating 
coaxial cylinders under the influence of an axial pressure gradient has een 
investigated. It has been assumed that the duty gas has a large number density 0 
very small particles and the bulk concentration of the particles is so sma 1 a 1 
can be neglected. The density of the dust material is taken to be large comparea 
to the gas density. The particles of the dust are so small that the Stokes law ol 
resistance between the particles and the gas holds good. The flow is assume 
be fully developed and axi-symmetric. Analytical expressions for ve oci ies o 
the dust and fluid particles have been obtained. 
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2. Formulation of the problem 

The equations of motion of a dusty, viscous, unsteady, and incompressible 
fluid as given by Safftnan 0 are : 


\j + (1 V)t =-~ p grad p + 


V s u + 


KS 


(»-«) 


cliv 


-> 

u 


(>) 

( 2 ) 


m 


du 

dT 


+ (v . V) » 


JT (m - v) 


( 3 ) 


~ + div Sv = 0 (4) 

where^u, H are the local velocity vectors of fluid and dust particles respective^ 
p is the density, p is the static fluid pressure, v is the kinmetic viscosity, K is the 
Stokes resistance coefficient (for spherical particles of radius a, it is 6 ?r ji j s 
the fluid viscosity, S is the number density of a dust particle, m is the mass of a 
dust particle . 

Let us consider the unsteady flow of an incompressible, viscous, dusty fluid 
between two rotating coaxial cylinders of radii a and b under the influence ot an 
axial pressure gradient. Let us assume that at t = 0 the two cylinders rotate in 
the same direction with constant angular velocities (Oj and <o 2 respectively. Let us 
define the cylindrical coordinate (r, 0 , z) with origin at a convenient point on the 
axis of the cylinder. Under these circumstances, the velocity distributions of fluid 
and dust particles can be expressed as 1 : 


n r •« 0 , ug = W 0 (r, 0 > = «* ( r > 0 ( 5 ) 

v r = 0 , Dfl, = vq (r, f), (r, <) ( 6 ) 

6* = 6*0 = constant 


where {u r , tig, u z ) and v ri vq , are the velocity components of the fluid and dust 

particles respectively. We introduce the dimensionless variables as follows : Let 




- u z - 

M = 1 ^ 


_IL D -_ 

’ * ~ <0 ji * 



1 P 7 _ £ ' _ J _ m 

5 p co/ 6 2 5 T >y - j - -fif 


where T and are characteristic time and relaxation time respectively. 

Using equations (5-7), the equations (1) and (3) can be expressed in non- 
dimensional form as : 


dp 

dR 


—2 

P-0 

R~ 


( 8 ) 
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dug f , J_ du A «0 | l - - 

s j “ \ [. dIF R dR ~£-J + 

(9) 

if - "(«<>- «>®) 

dt y 

(10) 

di>z dp (d*u a 1 9«a \ / - - 

= + x ; ( 8;i , + + 7 (•--.) 

(11) 

^ = 1 (i,.,-, 

01 ^ ' 

(12) 

where / = the mass concentration of the dust particles 3 

= vT/i 2 and 


= 2«) 2 T are constants. 

3. Solution of the problem 

The governing equations are partial differential equations. In order to 
reduce them to ordinary differential equation, let us assume that : 


dp 

dz 



SS i = CO Z 


.• e-X s 7 


»e -AR) e ~ 

v z - F(R) e~ K ' 1 


vo = g(R) 


(«’ - 1, 2) 


(13) 


Vz = 

where £ and X are real contantsy, F, g, G are functions of R only, and as t isthe 
angular velocity of cylinders for t > 0. 

Substituting for ~ U q and vq from equation (13) in equations (9) and (10), 
we have : 


d-f 

dlF 


+ 


R 


df 

dll 


(« ! 



8 = 


f 


1 -y A a 


(14) 

(15) 


where 


n =* 


/ l i_|_ — L — I is constant. 

X)' J L + 1 - y X s J 


[ 259 1 



The boundary conditions are : 

R - a/b = i,f— N — 
R= 1 , / - 1. 


a w. 



The solution of equation (14) with boundary conditions given by (16) is : 


( 16 ) 


f(R) = A J } (nR) + B Y { (nR) 

where 


(17) 


A = *JM ~ T M) 

JM) Un) - JM rM) 


JM) z ■ KIM 

JM) Un) - JM TM) 


J\ and Y x are the first and second kind of Bessel functions of order 
if we know /(!?), g(R) can be obtained from equation (15). 

The tangential velocity components of the fluid and dust 
given by : 


one. Hence, 
particles are 


and 


~u e (R, t «= [A JJnR) + B Y^nR)] ^ 

v e ( R > l ) = [a + B r ^ nR )) 


( 18 ) 

(19) 


and (f2fwe r get S : Ub5titUting f ° r ^ fr °“ eC J uation ( 13 ) in equations (11) 



d-F } dF 


and 

dR* ^ R Jr + + a) 0 

G - F . 

(20) 

where 

1 -y X- 

(21) 


and 


A 2 = 


_(i 

L l - j x- ■+ i 

- a i &, and a are constant quantities. 

R = $, F = 0, 


R = 1, F = 0, 

The solution of equation (20) with boundary conditions given by (22) is : 
where F{R) = ° M) + D T o (nR) - A 


( 22 ) 

( 23 ) 


c= .. QTOO - r„( B )i 
JM T oM - /o(£”) F 0 (n) 

D - fl(/o ( n ) ~ JoM) 

JM mn)-J 0 (fn)X(n) 
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r and f 0 are the first and second kind of Bessel functions of order zero. Knowing 
F(R), G{R) can be obtained from equation (21). Hence, the axial velocities of the 
fluid and dust particles are given by : 

u z (R, t) = [CJ 0 (nR) + D T 0 (nR) - ] Qe~ ‘ (24) 

and 

1 \ 2" 
v z (R, T) = UnR) - D TJnR) - Q] e '* (25) 

When | n I is large, we take rr = - rc 12 , then the solution of equation (14) 
becomes ; 

f[R) = A l^n'R) + BK'[n'R) (26) 

where 

A _ NK,{ n')-K\{n'£) 

" W) hWt) - i~M') 

” Un') - W) KM‘ & 

/ 3 and K l are modified Bessel functions of 1st and 2nd kind of order one. Since | n I 
is large, taking the asymptotic values of the Bessel functions, equations (18) and 
(19) can be expressed as 


Hence 


where 


n’R 


A e - 4- V i n ' R 

(2?r nR)% \ 2 n r RJ 


2 __ 
-A t 


'0 (*, i) = [ 

— ■ 1 *” . e n ^ < r> f 77 \h ~ n R ”1 

VQ {R, t) = L A (2tt n'JR ) i + B (■ MR ) 6 J 


„-A t 


“ ( ’ L yd-t) J 


/ In' \| 

I ] 


1 / 0-0 0-fl . 


(27) 

(28) 


Similarly, for large J n | , the equations (24) and (25) can be expressed as : 


- \r eU ' R n ( * o 1 e ~^ 


f* [ r . o =y: 


-y 


(2ir n'i?)i \2n -fi / J 


-At 


(29) 

(30) 
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FIG 2 . VELOCITY DISTRIBUTIONS 




where 


C _ fl(2rr« ')i [e ” €- (g)i e n> j 

a (~y [(f)^*' -«»’£ 

D= r >*'(l-£) _ e -n' (1-i)] 

4. Discussions of numerical results 

The tangential and axial velocity components of the fluid are calculated by 
taking JV — 0*8, 0*4 and 0*2, £ =■ 0*4, n =■ l, n f = 6 and t — 0. They are given 
in Figs. 1 and 2. The behaviour of the tangential and axial velocities of the dust 
is the same as those of the fluid except that they are greater than those of the 
fluid by a constant factor* 

It can be seen that the tangential velocities of the fluid ard dust paiticles 
decrease in the region of the inner cylinder if the ratio of the angular velocities 
of outer and inner cylinders increases both for small and large n The axial 
velocity components of the fluid and dust particles are independent of the angular 
velocities of the cylinders. For small «, ug, and vq continuously increase from the 
inner cylinder to the outer cylinder, but for large n , they first decrease near the 

inner cylinder and then they increase. The axial velocity components u Z) and v z 
increase as n increases except on inner and outer cylinder* The velocity compo- 
nents tend to zero as t tends to co . 

5, Conclusions 

(i) The tangential and axial velocities of the dust particle are greater than 
those of the fluid particle but they become same as the relaxation time tends to 
zero i e. when the dust particles become very fine. 

(ii) If the masses of the dust particles are small, their influence on the fluid 
flow is reduced and as the mass of the dust particle tends to zero, the fluid flow 
tends to ordinary viscous laminar flow. 

(iit) The velocity components of the fluid and the dust particles tend to zero 
as the time t tends to co. 
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Abstract 

The adsorp.ion of dichromate ions by cadmium hydrous oxide samples has 
been studied at different temperatures, and the heats of adsorption values have 
been calculuted. It is observed that in general the adsorption increases up to 
40°G, but afterwards it slightly falls off in samples A and G. The heats of adsorption 
values are negative and in the lower range of temperature 35° - 40° of the order 
of 10-30 K Gals/mole, but in the higher range the value are low omeven 
positive. Freundlich’s equation is found applicable in all samples, but Langmuir’s 
equation does not hold good. 5 In some cases (sample B) the adsorption isotherms 
are also S-shaped. The order of adsorption for different samples is A < B > 0. 
Thus the adsorption of Cr 2 0 7 *" by cadmium hydrous oxide appears to be a case 
of chemisorption preceded by physical adsorption, which may also become multi- 
layered in some cases. 

Introduction 

Hydrous Oxides are well known to be very good adsorbents for ions and 
dyes. Ghosh 1 and coworkers have reported that the character of an hydrous 
oxide depends upon the pH of the precipitating medium, temperature and its age 
and have studied the adsorption of various ions and dyes from this point of view. 
The present paper deals with a systematic study of the adsorption ol dichromale 
ions by three samples of cadmium hydrous oxide, precipitated under different 
conditions. 

Experimental 

Three samples A, B and G of hydrous cadmium oxides were prepared by 
precipitating them with 20% deficient, equivalent and 20% excess of sodium 
hydroxide from a solution of cadmium sulphate, They were thoroughly washed 
liee of ions and their homogeneous suspensions were stored in jena glass bottles 
with air tight stoppers. The pH values of the three samples were measured and 
found to be- 8*4, 9*25 and 9 3 respectively. The cadmium contents of the 
three samples were estimated in 5 ml. portions and found as (A) : 208*5 y 10“ 6 , 
(B): 205‘0 x Hh° and (G) : 230*6 x 10 Hi gram/moles of GdO respectively. In order 
to avoid the effect of ageing, all the adsorption studies described in this paper have 
been made on one month aged samples. 

Five ml. of the above suspensions were taken in each of a set of boiling 
tubes. In another ?et of boiling tubes different volume (5, 10, 15, 20, 25 and SO 
mi.) of M/ 120 potassium discromate solution were taken and raised to 35 nil. 
m each case. Then the suspension and potassium dichromate solutions were 
suspended into a thermostat to attain the temperature (30° ± T°C) of the ther- 
mostat. After about half an hour the potassium dichromate solutions were 
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poured into the suspensions and mixed well. They were again kept in the same 
thermostat at the same constant temperature (30° ± -1°C) for a definite interval 
of time. They were then taken out and the supernatant liquids were centrifuged 
In the centrifugate Cr 2 0,~ was estimated idometrically. Similarly other series 
of experiments were performed with all the three samples at various intervals 
of time (15 mins., 30 mins,, 1 hour, 1| hours, 2 hours, 3 hours and overnight). 

From the results obtained, the end concentration, the amount of Cr O — 
adsorbed and x/m were calculated. The results are graphically represented 'in 
Figs. 1-3, where x/m ratios are plotted against time, which show that in general 
the majority of the adsorption occurs within a few minutes of contact of the 
hydrous cadmium oxide precipitates and potassium dichromate 


Effect of Temperature 

The effect of temperature on the adsorption of Cr 2 0 7 ““ was investigated by 
studying its adsorption at three different temperatures 35°, 40° and 45°C. The 
time of contact of the suspensions with dichromate solution was kept four hours. 
From the results the rasidual concentrations* and x/m ratios were calculated. 
The results are graphically represented in Figs. 4-6, 

Further, to have a comparative idea of the adsorptive capacities of the 
three samples, x/m ratios (at 45°G alone) have been plotted against residual 
concentration for all three samples A, B and C together in Fig. 7. 

In Figs. 8-10 the applicability of Freundlich’s adsorption equation has been 
tested by plotting x/m ratios against log G for all the three samples A, B and 
G. From the curve S, it is clear that in general Freundlich’s equation holds good 
in all three cases. Attempts were also made to test the applicability of Langmuir’s 
equation, but it was found that it is not applicable in these cases. 


Heat of Adsorption 

The heat of adsorption, Qis given by the equation 7 
0,= j f) ~ x 2-303 log CJGa 

when Gt and C 2 are the residual concentrations of the ions adsorbed at the 
respective temperatures T l and T 2 , for the same amount of adsorption. The 
values of residual concentrations C 15 C 2 and C 3 for respective temperatures have 
been extrapolated from the adsorption isotherms in Figs. 4-6. From these the 
values of Q for different ranges of adsorption and temperature were calculated. 
The results are given in the following tables I— III. 


TABLE I 
Sample C A S 



x/m 

(45-40)°C 

log Cj-Ca Q, in c 1 

(40-35)°C 

log G 3 -C 3 Q,in cal 

(45-35)°C 

log Cj-Ga Q, in cal 

1 

*20 

•0284 

2040 

-•1980 

-17471 

-•2096 

-9496 

2 

•18 

•0322 

2339 

-•2725 

-24045 

-•2413 

-10817 

3 

•16 

•0294 

2127 

-•2972 

-26224 

-•2678 

-11985 

4 

T4 

•0341 

2467 

-•3220 

-28413 

-•2885 

-12933 

5 

•12 

•0307 

2231 

-•3557 

-31386 

-•3250 

-14569 

6 

TO 

•0248 

1794 

-•3661 

-32304 

-•3413 

-15300 
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TABLE II 
Sample C B 5 



x/m 

(45-40)°C 

(40-35)°C 

(45-35)°C 



log G,/G # 

Q in cal 

log C 2 /G 3 

Q,in cal 

log 0,/Ca 

O in cal 

1 

•20 

-•0505 

-3654 

-•1238 

-10934 

-■1743 

-7813 

2 

•18 

-•0551 

-3987 

-•11326 

-11700 

-•1877 

-8414 

3 

•16 

-•0556 

-4023 

-•1583 

-13968 

-•2139 

-9589 

4 

•14 

-•0702 

-5079 

-•1739 

- 15344 

-•2441 

-10943 

5 

•12 

-•0580 

-4196 

-•2012 

-17753 

-*2592 

-11619 

6 

•10 

-•0791 

-5723 

-•2055 

-18115 

-•2844 

-12739 





TABLE III 







Sample c C 9 






(45-40)°C 

(40-35)°G 

(45-35)°C 


x/m 









log G,/G a 

Q,in cal 

log Cj ,/G, 

Q,in cal 

log Cj/Cj 

Q, in cal 

1 

•20 

•0248 

1794 

-•1675 

-14780 

-•1427 

-6279 

2 

•18 

•0230 

1664 

-•1468 

-12943 

-•1238 

-5449 

3 

•16 

•0260 

1881 

-•1043 

-9301 

-•1773 

-7948 

4 

•14 

•0290 

2098 

-'1390 

-12344 

-•1109 

-4971 

5 

•12 

•0271 

1961 

-•1319 

-11267 

-•1048 

-4698 

6 

•10 

•0244 

1765 

-•1228 

- 10735 

-*0984 

-4410 


Discussion 


In the Figs. 1-3 results are presented for the adsorption of Cn,0 7 ~“ respecti- 
vely on the three samples A, B and G of hydrous cadmium oxide with time. It 
is clear from the curves that major fraction ol adsorption occurs within a few 
minutes of contact, after which the process becomes slow, equilibrium being 
attained in three to four hours. This indicates chemisorption, preceded by 
physical adsoiption. 

results on the adsorption of Cr 2 0 7 "" at three different temperature 35°, 
40 and 45° are represented by the Figs. 4-6. From the curves, it is clear that in 
sample *B 5 the adsorption increases with rising temperature, but in sample A and 
G the adsorption increases upto 40°C, but after that it slightly falls off with rising 
temperature. It is characteristics of chemical adsorption 2 . This is also confirmed 
by the fact that in these cases the adsorption increases rapidly at lower concentra- 
tions, but soon it reaches saturation value, and remains almost constant at that 
particular temperature. The curves for sample B and sample A (at 35° alone) 
are also some what S-shaped, being convex to concentration axis. 

Tables 1-3 record, the heats of adsorption for the three samples of hydrous 
cadmium oxide for dichromate ions between different ranges of temperature, 
the results show that in sample B the values are throughout negative, although 
the values are much suppressed in the range of 40° - 45°G. In samples A and G 
the values are negative, when calculated for the range 35°-40° and 35°45°, but in 
the range of 40° - 45°G the values assume a positive value. It means that in 
general the adsorption of Cr 2 0 7 ' , '‘ is an endothermic process, but at higher tempe- 
ratures in samples A and C, it becomes some what exothermic. Further between 
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4n o 450 the values are low ( -3600 to -6000 cals/moles for sample B, and a Ppro . 

, 9noo Gals/moles in samples A and C), whereas in the lower range of 
«“ a Ahe°heats of adsorption values are pretty high (from about 10,000-30,000 
Pals /moles V This thus explains why the adsorption increases upto 40°C, but 
that h falls off with rising temperature in samples A and C, and in sample B the 

differences are slight between 40 -45 G. 

Further it is evident from these tables that m general the heat of adsorption 
decrease with the increase in the amount of dichromate ons adsorbed. Similar 
result a have been reported by Hajela and Ghosh* in the adsorption of crystal 
Set by hydrous chromium and ferric oxides by Taylor* and Langmuir m the 
case of oxygen on charocal, and by Bull 1 ’ el al in the case of ethylene on tantalum. 
It may be due to the following two reasons : 

m On a heterogeneous surface, the active spots are statistically distributed. 
Al fir the most active spots are coveied, their less active spots being covered 
afterwards gradually, aSd hence the heat of adsorption decreases with the 
increase in the amount of adsorption. , 

(21 Another factor for the decreasing values of the heat of adsorption may 
be due to the repulsion of same type of charged 10ns which are already adsorbed 
by the hydrous oxide. 

The curves in Figs. 8-10 show that in general the Freundlich s adsorption 
equation is applicable, but when attempts were made to test the applicability of 

Langmuir’s equation, it was fiund not applicable. 

Fi^. 7 gives a comparative idea of the adsorptive capacities of the three 
samnles^A B and G of hydrous cadmium oxide. It shows that in the adsorption 
of Cn A- the adsorption is least for sample G, the highest or sample B and for 
.ample A it is slightly less than sample B. This different behaviour by different 
samples can be again explained by differences in the alkalinity of these ^samples 
Because here the adsorption of a negative ion is involved, so it is the least m the 
case ol most alkaline sample G, precipitated by excess of alkali. The large 
adsorption by sample B as compared to sample A may be u § 
in sample B, as suggested earlier 0 . 

Thus the order of adsorption by these samples lor Cr 2 0 7 is C< B>A 
whereas for Cu ++ ions the order was A> B ^ C. _ , 

In the case of other amphoteric hydrous oxides as of chromium, iron, alumi- 
nium, bismuth etc. Ghosh 7 et al have reported the order to be A < B < C m 
the case of cations, and A > B > C in the case of anions 1 his ,f b J h . 

viour in the case of hydrous cadmium oxide samples can be exp y 

amphoteric nature of cadmium. 
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An Extension of Bolzano— Weierstrass Theorem to the 
field of Ultra Real Numbers 

By 

S. N. PRASAD 

Department of Mathematics , Bhagalpux University , Bhagalpur 
[Received on 12th December, 1968] 

1. Introduction 

The proof of Bolzano-Weierstrass theorem for the field of real numbers, 
R s is well known. This theorem has also been proved for R n (n > 1), the Eucli- 
dean space of n dimensions consisting of all ordered n-tuples (x 2 , x 2 . . . x n ) of 
real numbers. After introducing a partial ordering in R n ( n > 1) an interesting 
proof of this theorem has been given by Shuklah Proceeding on similar lines 
we propose here to extend this theorem to the field of Ultra real numbers, viz . 
R*. For the concept of ultrareal numbers the reader is referred to Robinson 2 
as well as to Prasad 3 . Here we shall simply mention below those characteristics 
of R* which we need in the proof of our theorem. 

2. Structure of R*. 

The Ultra real number system R* consists of all real sequences so that 
R* = {/ : / («) e R for all n e N }. Finite elements, infinite elements and infinite- 
simals exist in R *. f is said to be a finite element in R* if \ f (n) \ K r f° r some 
positive r e R and all n e N. Other elements are called Infinite elements. 
Constant sequences are called standard elements and others are called nonstan- 
dard elements. A standard element f identifies with a real number r iff / («) = t 
for all n e jV. 

R* is totally ordered and of any two ultrareal numbers / and g we say that 
/< g iff{ n :f(n) <. g{n) } e £/, the ultrafilter on N which includes the comple- 
ments of all finite subsets of JV. Similar is the notion of the relation = or 

> in i?*. 

3. Concept of Supremum , Neighbourhood and Limiting Point . 

We now turn to the concept of boundedness in R *. For a set A* of ultra- 
real numbers if there exists (3 e R* such that / <1 /? for all fe A* then A is said 
to be bounded above and /3 is said to be an upper bound of A *. Similarly a defini- 
tion of A* being bounded below may be introduced. When A* is both bounded 
above and below then we simply say that A* is a bounded set of ultra real numbers. 
If a be an upper bound of A* and a ^ every upper bound of A* then a is called 
the supremum of A* which is indicated by a = Sup A*. Similarly one may define 
Inf A*. 

Now we proceed to explain the concept of open interval, neighbourhood and 
limiting point. 
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[X : x e R*. a < x < b) is called an open interval in and is denoted bv 
[a, b). If both a and b are standard elements, then [a, b) is called a standard open 
■interval. 

If an ultrareal number a e ( a , b ) then [a } b) is said to be an open neighbour- 
hood of a. 

a is said to be a limiting point of an infinite set 4* ifT every neighbourhood 0 f 
a contains an infinity of elements of A *. 

Having introduced these concepts for R* we wish to prove Bolzano-Weier- 
strass theorem now but for this we need to establish the existence of Sup A * for 
every bounded set d* which we first establish below. 

4. Theorem 1 : If A* be a set of ultrareal numbers bounded above by a standard element b> 

then Sup .4* exists . 

Proof : Let A * ={/,£, A, } be bounded above by b . Then we 

have F = {n:f{n) < b } e 17, G = { n : g {n) < b } £ £/, H = { n : h[n) <b}eU 
and we have similar relations for all other elements of A*. Let K - F n G n 
Hf\. . . Then K = { n : x(n) < b for all * e ^4* } e U. For a fixed n e K we have 
a set of real numbers. 

A*n ~ {/(«), g{n ), A(»), . . #(»), •••}={ *(«) : * £ ^4* } which is bounded 

above by b. Hence,, by Dedekind completeness property of /?, Sup A*n exists. 
Let ^ («) = Sup We get similar result for all elements of K . Let a =' 

{a («):«£ JV}We hold that « = Sup A*. For, we first find that for every element 
x of A* y { n : x (n) {n) } ~ K s U. Also for any upper bound ft of A* x < p 

for all x r A *, i>e. 9 { n : x (n) ^ ft (n) } e U. But a (n) is Sup A*n so that { n : a [n) 
< ft (n) } e U 9 which means Flence a = Sup .<4* exists. 

Lastly we prove the Bolzano- Weier straps theorem below. 

5. Theorem 2 ; Every bounded infinite set of finite elements in R* has a limiting point 

in R ♦. 

Prooj : Let .4* be an infinite set of finite elements such that for all * e A*, 
a < x < b, where a and b are two standard elements. As in the previous theorem 
for a fixed n £ N we have = { * (n) : ,r « A* } which is a set of real numbers. 

We have seen in theorem 1 that Sup A* =r a exists and, for a fixed n e K , 
a (a) is Sup A*n, Hence infinity of elements of A* n lie in every neighbourhood 
(* («) -L a (») + 0 of « (n). Thus we have an infinity of .members of A * which 
lie in every open interval (a a + t) of a. Hence a is a limiting point of A*. 
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1. Recently Srivastava [1] has obtained the inversion formulae for certain 
integral transforms involving Jacobi polynomials as their kernels by making use of 
a result of Tranter [2] and two other results which are the special cases of the 
well known Weber- Schafheitlin integral [3, p. 401]. 

The object of this paper is to obtain the solution of an integral equation 
involving hypergeometric function as kernel. As particular cases, we deduce the 
inversion formulae for certain integral transforms involving Jacobi polynomials as 
kernels which cover the cases of Srivastava [1]. 

2. We prove the following theorems 


Theorem : If 

_ r{(^ + v + a- b + 2) 2} jr**- a +&‘ g 


<K*) 


2 -a+ 6 -i r{( - f* + V - fl + b)l 2 } r(i* + i) 

a 
~2 


rx 

J 


, Fl ( t±JL±‘J±±L , + 1, , + 1 ; „=/«') m * 

- f tj-v-a+b-i 

Jx 


r { (^ + f/ Hr a ~ b + 2)/ 2} x v 

' 2- a4& * 1 r {(/* — v — a -j- 6)/2) l( v + 1) 


77 f t* + v + a ~ b + 2 ) -t t + y+ a-^’ + 2 _j_ j . x ij u i \ ^ fa. (2-1) 

• 2^1 l 9 2 •/ 


then 


(0 tf(*) 


2 

r{( M + v - a + b )/2) f® p ( t±h . 

“2«-6 r{(M - v +~a - £ + 2)/2} r(v) J o 2 1 \ 2 

V : #»/** ) d K *(«)] 




X u 


* 2^bT[fx + 1) 


M 4- v - 

J u -P-v+a-b sFl ^. 

; * 3 /« 3 j rf |> v <#>(«)], 


m 

/i + v-a + 6 ft- v - a + b + 2_ . 


ft + 1 


♦Prasnt «Mr«t : Dept, of Maths., H. B. T. I., Kanpur-2. 


( 2 - 2 ) 
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provided 


(*) " > “ /* + a - b, a < b < a + 1, 

/ oo ^ 

0 1 1 I * and f o *~ v+} 1 1 {t v a. 


are convergent, 

({ft) j s continuous ; 


and 


(2*3) 

(2-4) 

(2-5) 


■A 

provided 


(ii) ,f,M _ tlU'i +_ v ~ a -f- b 4- 2)12) x~ v +a-b-2 rr 

u m 2^r{(AATTAb)f 2 ]l^~j t « 2V+2 

*F, ( 0Al1Z±. ±_M- 2 > -f‘+"-flfi + 2 

2 1 V 2 ’ 2"^ — ~ — » * -4- 2 

• r{(^ + V - a + b + 2)12} X ** r” 

2 fl -6 r {(- « ■+ „ + a _ 6 + 2 )/ 2 } T(m + 2y J „ “' M+,,+a - 6 

/ iL±JLlfJli_+ 2 i* - v - a + * 

V 2 > 9 


; « z /* 2 jrf[a-i 


i x-ju 2 j d[u- v <b(u)] } (2*6) 


are convergent, 


(t) v >-p-a + b- 2 > a<b<a + ], 

(») J q 1 1 m I dt and J“ <-+i | J- { /-•' *(,) } j 


Let 

and 


(***) ^ ( rV } is continuous. 

3- The prooi of the theorem is as below. 


tA-r rj v {* y ) fiy ) dy . 

•J 0 

nx) = f o J h lAy)j{y) dy. 

Inverting (3-2) by Hankel’s inversion theorem [4], we obtain 

/W J* u Jn{uy) t( u )du, 

and on substituting the value of f [y) in (3*1). we obtain 

* {X) m Jo r ' b "M*J>) dy f u J fi(yu) #(„) du 

" J._ * w *> * J. «« W*r) * 

-2 pa; 

J o 


(2-7) 
{2 8 } 

(2*9) 

(3-1) 

(3-2) 


= v -f a - 6 + 2)/2) x~^~ a +b-2 , .. 

2 -“* >Tr rr^T^^ j75 ^ I „<■+> 
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M -f- y jp a — b ,+ 2 m — v 4- g - b + 2 


; P + 1 ; u-jx-) \j/(u) du 


+ 


I '{(« + v+ a-H 2)/2} * v 
2-« 1-6-J r {(/» - v - a + i)/2} r(v- -t- 1) 


pCO 

I 




provided 


-4- v -+■ 2 --/A*4-i / “r < 2“"^’4“2 


2 9 2 

(i) V > - M - a + b - 2, a < b 9 


> v + 1 


; x 2 /u 3 J ^(w) (fo, (3 *3) 


0 


l/W ^ ^ an( ^ / ^ 3/2 l/W dt are convergent* 

(«0 /: t | t jj[t) | dt is convergent, 

where we have used the result [3, p. 4()I] to evaluate y integral. The change of 
order of integration is justified under the conditions mentioned above. 


F;om (3T), we obtain 
„ d 




Jv - 1 (*>0/0) 4y, 


and then by Hankel’s inversion theorem, 

f(y) = y a f «' 1+1 Jv i 0«) 

J 0 

on substituting this value of f(y) in (3*2), we obtain 

W ^(*) = I y a + b Jn{xj>) dy | tr v + 1 Jy-i(yu) d[u v 
Jo Jo 

= f U- V + 1 d[u v <j>[u)} [ y- a+b Jix{xy) J v . Liuy) dy 

Jo Jo 


_ r{(/* 4 . v — g 4- &)/2) ** v+a - 5 

“ 2°-& r{(a - V + a - b + 2)/2) r(0 

- M + v - a j -_6 ; , r . u , jx , j 4u v ^ (B)] + 


j: * ( 


(i 4. v - a + 6 


r{(/» f >-a + *0 /2 ) 

!{(-/* + v H- a- 6)/2} 




2»-&1'(m+ 1) 
provided 


J" „-M-v+a-6 2 ^ ^ 


^ + v _ fl + ft ^-v-a+6 + 2 , 


/» + 1 ; x 2 /« 2 ) d W 


(3-4) 


(i) v > - + a — b, b < a + I, 

(«) J 1 < I, + «|/(i)|^ and J t 0+1 / 2 |/(t) I aie convergent, 

J 00 d 

„ ‘- +, k 


{r v <£(*)} is convergent 
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(id) ~ (t v $(l)} 13 continuous. 


dt 

where we have used the result [3]. The change of order of integration is justified 
under the above conditions. 

If we write (3-1) in the form 

£ 

dt 

we obtain, in a similar manner 

. + v _ a + b + 2)/2}jr v+a ~ :b -' 1 f* 


M.C X) XXX 

. { x - v </>(*)} = - x v j y a + l Jv+i {xy)f(y) dy, 


(*) 


& 


( ! 


(*) ~ 2 a -b r((/u _ „ + a ~ b)l‘2) r(V + 2) 

, |i4-v-a + ^4 > 2 - P t v - a + b 2 ^ 

g , 2 

r{(i* + ^ ^ ~h ^1/jl % 


Si ( 


2 a “& r{( - I* + + d - b ■+• 2)/2} 1> + 1) 

> V - fl I H 2 /A - V - fl + t . 


a r# 

— « 2P + 2 

I Jo 

5 " + 2 ; u 2 /* 3 ) dta- 1 - *(,)] 

/ CO 

a? 


provided 


; j* + 1 ; **/«“) 4h- v *(#)], 


(i.) v > - n ~ a + b~ 2, b < a + 1, 

/•i 

(it) J t v + a + } |/(0 |* and J t a+vs |/(i) | are convergent, 


(3-5) 


(Hi) J /*'+' | J- [t~ v i>(t)} | dt is convergent, 


rw 

U v ~* 

I Jo 




(iv) — {t~ v (j>(t)} is continuous. 

Hence the theorem. 

4. Particular Gases. In this section we deduce the following two particular 
cases of the theorem of section 2. 

Case (i). Take p = - 2m + a - b, where m is a prositive integer, then the 
solution of the integral equation 

_ T(v-w + a- b +■ 1) 

n x ) - 2-»+&-j r( m _ a + A) l(i/ -2m + a- b + 1) 

(x 2 - « 2 )-o+6-i F m {v - 2m, v - 2m + a - b + 1 ; u 2 /x 2 ) *(«) rfa, (4-1) 

is given by 

10 = 2«->T(-^ ^TTr r(v f f B * Fl l" - m > m ~ a + b s “W 

- dW *(«)] + r(v-m) ^-^ + a- 6 p 

L UJ + 2 »'& f(r - 2m + a - b + 1) T(m) J x 

Fm-i ( v - 2m ), v - 2m + s-A + 1 ; je 2 /« 2 ) <f[u v <£(«)], 
provided p > m, a < b < n -f- 1 and the conditions (2‘4) and (2'5) are satisfied, 
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and 

(u) 


tf(x) = 


- ifc. ± n « ^±i_ r u ^ p , v 

2“-6 r(- m + a - A) T[v + 2) J 0 “ ^ 


w + I, 


m _ a + i+l;,+2 ) u'-lx'-) d[u- v *(«)] Z^SJ!L±l) 

x v-2m+a-b r°° 

r (r^iT+T- b +.1) J * uV+1 Fmi - V ~ 2m + ! » v - 2m + fl - b + l ; * 3 /" 2 ) 

«[»-*' *(«)], (4-3) 

provided i' > m - a + b - 1, n < b < <z + ,1 and the conditions (2’8) and (2‘9) are 
satisfied. 

For <1=1, b =k + 1, v=A, + 2m + k, <j>(x) = #-*-* $(*) A m and $(x)=x*- 4(x), 
where 


A - T(x + m + 1) 
m 2 *- 1 r(m + *) r(x + i) 5 

the equations (4‘1) and (3-2) reduce to 


<#>(*) = f “ 2X+1 (* 3 ~ tj2 ) k ' 1 F m {\ + k, A. + 1 ; u~/x~) f (a) du, (4-4) 

J 0 

and 

mr \ _ ?r(x + m + k) r(X + m + 1) [“ F(x + 1) T(m) 

{(A. + l)} 2 r(m) T(m -f A:) L^( v -h 2 m k) T(— m - k -j- l) 

C x H m . l (X + i+ ljX + l; x*/u 2 ) d[ir m $(w)] 

‘J W 2(X + W+^) 

1, A + 1, * 2 lu *) J[« 2m 

^ tt 2(X+«l+A;) J J (4-5) 

provided X > - 1, 0 < £ < 1 and the conditions (2*4) and (2*5) are satisfied where 
H m is a Jacobi function of the second kind defined by the relation of the form 

#*n(x "4* A i f 2 ) = r - m ( r - _ i) h (^2«j-i 4 jn-J"X>X + 2m + k 4 1 ; 1/r 2 ), 
and Fm is a Jacobi polynomial [5]. This is a solution obtained by Srivastava 
[1> eq. (2*4)]. 



Case («). Take ^ = v+2m-a + £, where m is a positive integer or zero, 
then the solution of the integral equation 


<,\ _ r( i' + CT + 1) _* v r°° u -v+a-b+x ( u 2 _ x 2 \ -a +&- 1 

v*) — 2-o+fc-i r(m - a + f) IV + 1) J ® ^ 1 

. F m (v - a + b, v + 1, *=/«*) ^( U ) da, . (4-6) 
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f(» - m - a 4- b)_ f" 


/: 


F, n (m - a + b, v ; a 2 /* 2 ) <£( u ^ 

P a-sr-am ( W 2 _ *y-& 

J x 


is given by 

(i) *(*) = —g^tr^r+'iy r(») 

r^ + m-g + i) * v+ -" 1 - at& 

+ 2«-6 r(- m + a - b) r(>' -f 2m - a + b + 1) 

. jjFj (m + 1, ffi + i' ; t 2m - a + H 1 j <£(*/)], 

provided v>d-i,fl<A<flt i an d ^ ie conditions (2*4) and (2*5) are satisfied* 

_p(v + m - + b + 1) ,r v 4«~ & 2 f :v * n , 

(“) * W - — 5 2«--6- r(m)T(~y 2) J 0 r " Fm -> ^ - a + b + 2 > 

„ a, „ r(i* 4 m-a + i>+ 1) a^am-a+a 

» + 2, « 2 /* 2 ) d[tr v ?{u)] - 2^bf[I7T+ a~- b f i) 1 («’ + 2m - a + 6 4 1) 


f 


u -l L + v -Ki-b 2 /?, (v 4- m - a + b + 1 , m - a -\- 

d[u- v *(«)] • 


V" a + b + 1 ;*»/«=) 

(4-8) 


provided v>-l, a<i<a + 1 and the conditions (2'8) and (2 - 9) are satisfied. 

For a = 1, b k + 1, v = <j>(x) - x v 4(v) 4 m > and H x ) - x '^' k T(*)> the 

equations (4*6) and (4*7) reduce to 

*W = f“ U-2X-S&+1 ( „2 _ Fm ( A + A-, A 4 1 ; *®/# 8 ) ?(«) rf« (4'9) 

and 


.u = 2r(x + w + i) r(x + m + k) r 
’ r(A) I (A + 1) l(m + l)l(m + *) J e 


Fm (X + k, x^ju*) d[u 2 X £(„)] + 


F(X) I(m -t 1) 

1 (x + 2m 4 & + 1 ) 1 (- ni - k) 


r H m ( A + A, A, u-lx *) d[« 2 A $(„)], 

J a? 


(4*10) 


provided X > - 1, 0 < A < 1 and the conditions (2*8) and (2*9) are satisfied. 
This is another solution obtained by Srivastava [1, eq. (2 *2) j. 
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Abstract 

By the application of linear Jacobi polynomial approximation, we obtain 
the solution of the differential equation 

* + V i F i U i 8 5 ***) = o 

where r and s are positive integers and ,F X ( y, 8 ; *) is the Kummer’s confluent 
hypergeometric function. The approximate solutions of differential equations 
containing an exponential function, a binomial and a Bessel function of the first 
kind as non-linearities are derived from the general result. The results obtained 
are of general character and include, as particular cases, some of the results 
given earlier by the authors and Garde. 

I. Introduction 

In 1959, Denman 2 proved that an amplitude-dependent approximation to 
the frequency of the simple pendulum may be obtained by the application of a 
linear TchebychefF polynomial approximation to sin 0 in the interval (- A } A), 
where A is the amplitude of the motion. In 1964, Denman and Howard 3 and 
Denman and Liu 4 have applied the ultraspherical polynomials which include 
the Legendre polynomials, the TchebychefF polynomials of the first and second 
kind, and the Taylor series as particular cases, to the above problem. In 1965, 
Garde 7 has applied Gegenbauer polynomials to some forced oscillation problems. 
In 1 967 s Jacobi polynomials were used to obtain a linear amplitude dependent 
approximation for the purpose of linearisation of the differential equation with 
cubic non linearity. 

Recently in 1J the authors have applied the Jacobi polynomials to obtain the 
amplitude dependent linear approximate solution of the differential equation 

x + ax + bx 8 = 0 (11) 

where j is a positive integer, subject to the initial conditions x = A, x = 0 at 
t ~ 0, A being the amplitude of the motion. The results obtained were found to 
agree fairly with the known exact results available for cases s = 1 and s = 3 and 
it was observed that the approximation can be improved by suitable choice of the 
two parameters a and jg in the weight function. 

♦Read at the 36th Annual conference of the Indian Mathematical Society, held at Gorakhpur 
in December, 1970. 
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The success of the application of Jacobi polynomials to obtain the solution 
of (IT) has led the authors to consider the solution a more general differential 
equation 


x + 0 > 0 2 * r (7 ; S ; cx a ) - 0 (1*2) 

where r and s are positive integers and ,F L (7 ; 8 ; x) denotes the Rummer’s con. 
fluent hypergcometric function defined by 


i^i (7 ; 8 5 £) 


n=o (8)n « ! ' 


(1-3) 


The symbol (y)„ represents 

= y[y + 1) (7 + n - 1) ; (7)o = 1 . (1*4) 

In (1 3) 8 = 5 ^ zero or a negative integer. The series (1*3) is absolutely conver- 
gent for all real or complex values of 7, 8 and Z‘ n* e initial conditions of motion 
are x = A and * = 0 at, t = 0, A being the amplitude of motion, under which 
the solution of (1*2) will be obtained. The main result obtained generalizes the 
results given earlier by Gatde [8, p. 1 1 8(61)] and the authors 11 . Most of the 
results obtained in this paper are not recorded in literature. 


2. Jacobi polynomials and linear approximation 


r ST! 


JdtiUUJ. JJUi/iiuiAXici.*c» ~ , * / \th / \ . 

(-1,1) with respect to the weight function (l - x) [i T x r 
and Re ft > - 1, and may be defined by [6, p. 254] 


p*"»w - Shi,* A(-^‘ + f^.* + 1 iV> 


( 2 * 1 ) 


where 0 F t is the Gauss’s hypergeometric function [10, p. 7]. Tche S^ul^caMS 
mials, Legendre polynomials and Ultrasphencal polynomials axe particular cases 

of Jacobi polynomials [6, pp. 265-269]. 

In the interval (- A, A), Jacobi polynomials are defined as the sets otpolyno. 
mials orthogonal in this interval with respect to the weight function (1 xjA) 


(1 + x/A)t 3. This gives rise to (x/A). 

For a function /(x), which can be expanded in terms of Jacobi polynomials 
in the interval (- A, A)> we obtain 


f{x) = v a n {*„ 3) P n (<*. 0> (x/A) 

n—0 


(2v) 


where the coefficients a n < a >/3) are given by 

r /(Ax) P n V<P) (x) (1 - x) a (1 + x)P dx 

a ( a ,j3) — — 

f [P n (rt ’£> (a)T 2 (i - X)* (1 + x)P dx 


(2*3) 
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If the series (2*2) is truncated after the second term, we obtain a iineai 

approximation 

/*(*) = Pp’fr (x/A) + ap.fr Pp.fr ( x jA), 

where star indicates approximation. 

3 Results required in the sequel # 

In the investigations that follow we shall require the following integrals 
[ 12 , p. 466], [ 10 , p. 261], [ 1 , p. 160], 

J 1 #*(1 - *)« (1 + »)P Pp.fr (*) dx 

2 n + a+ fi + ' t s ! £(« + n + 1 ) rpi + 5 + 1 ) 
n ! ($ — 7z) ! r(w -h ^ -h “f~ 2) 


r* f ft ~ s 9 a s *f 1 , i\ r ^ 

.p.s ; - 1 j’ for^ > ,, 


= 0 for s < n (3-2J 

2 a +/3 +n+] r(l + a 4- ») r(l + P -f n) r __ . _ _ 

= TW+ /3 +- 2/i + 2) ’ for ' ~ (3 3) 

The following obvious properties of Jacobi polynomials, confluent hyper- 
geometric function jF l and ordinary Bessel function J v {x) will be made use of : 

PP’fr (*) = 1, P^.0) (*) - + 2 + g 2 + - /3 - * (3-4) 



jFJy ; V ; x) = e x 

(3-5) 

lim 

Pp : 8 ; 8*) = iF 0 (y ; x) 

(3-6) 


CO 


= (1 -*)- Y 

(3-7) 

lim 

jF a (y ; 8 ; */y)= 0 p i(- i 8 ; *) 

(3-8) 

y -> 

00 



0 Fi(-;#+ i;-l* 2 ) ~r(s + i )(**)*» /«(*) 

(3-9) 


( y )*7iw = sin ^ 

(3+0) 


4. Applications of Jacobi polynomials to non-linear differential equation . 

In this section we propose to solve the differential equation 

*+/(*) = 0 (4-1) 

where 

/(*) = V * r iFj( 7 ; 8, e*») 

by making use of the linear Jacobi polynomial’s approximation of f[x). 

By § 2, the linear Jacobi polynomial approximation of/(x) gives 

/*(*) = ["o 2 * r i^i( y I s > 

= flo «S(3> P 0 < a ./3) (*/+) +- a J“./3) pp.fr {x/A) (4’2) 
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where 


(a ft) £(“_+. 0 + 2 ) AV ^Ol 

V ,p) - 2 a + /3+i f(a + 1 ) l'(j3 + 1) 

X J l *'(i - *) a (1 + ¥ iFi(y ; 8 ;cA° x«) P o < a > 0 > (*) 


2 t ’+ 0 1 1 r(* + -2) 1(0 -f 2) 0 4 

X J 1 X r (l - *) a (1 + 4 8 p i <0 ’ ^ (*) ^(v j 8 j « ^ * s ) dx (4-4) 

using ( 3 - 1 ), and ( 3 - 3 ), we find that 

. <a, ft) _ a zl B 2 °? r ( fi _+I + + 1) 

*° ,P - a + p + 2 A £ 0 (%i ! 1(0 + 1) r(« + 0 + r + 7^2)- 

s r >( - fi-r-sj , ~ 1 ) M 


** - <*' v/. + # + *> 1 


i= o (8)/ j l 1 (2 + 0) 1 (r -t y + « + 0+3) 


1 - r - y , a + 2 _ _ j 
- J 3 -r - sj ’ 


On applying ( 3 * 4 ), it follows that 

/•to = hf ^ i F.iy i s i «»)]* = a = >4 * + 

wheie 


i[+,« +1 l,v] (M ) 


A r>j = <V A r - 


% (r ± sj ) [y)j C[ A n 3 


f( a ±_£_± 4 )J [(j8 + r + sj + 1) / 1 - r - .y, « 4- 2 _ . \ ,, 

f(0 + 2) V(r + sj + « + j8 4 3 )' a i V -fi-r-sj 5 ' J [ 1 


i? . = A *~ l “o 2 % [y)j r(«_+ p + 3) r(0 4- r + y + 1) CM^‘ 
,r ’ < ’ a - 0 f =0 (8)y J ! r(l + 0) 1 (a 4- Jfa' + r + y 4 - 2)~ 

/ r - y> + 1 \ 

X ‘ S l -f-r -«•-* ) 
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Replacing /(*) by its approximation/*^), (4-1) transforms into 


x + A. * 


I" ,2 . ,2 


■,J a + j8 4- 2 


r 2 2 i 

L x v +A w] 


The approximate solution of (3*1) subject to the initial conditions x = A and 


; — 0 at t = 0 is thus 


x* = \ A 


_ ALi^Lf i + x 2 

a + 0 + 2\ + A l,r, 


si X r,s / Cos Xr,s 1 


(5 - a ) A 

“ + j6 + 2 


,,2 / 2 

1 + \ i A 

l,r,j/ r,s 


and the approximate period is given by 


7* = 2vj\ t 


5, Particular cases. 


(tj exponential non-linearity. When 7 = 8, then using (3 5) we see that 

the approximate solution of the non-linear differential equation 


is given by 


** =■ \ A 


x + o 0 2 x r exp (c* 5 ) = 0 


{P-*)A f * 2 , *2 \ *2 “1 ^ * 

<X + P + 2 \ f,s l 3 r 9 sj ' r 9 s J r,s 


{B ~ a) A 






j 2 =b2 ,m ” i r _+ £) r (« + + 4) Til + r + sj ± 1) 

> s 0 j=o J • r(/8 -j- 2) T(r -f- sj -j- a -j- p - j-3) 


1 - r - sj, a -f 2 
- P - r-sj 


•-') 


A* 2 = * 0 * ^ r ~ ] ‘S r(q + p + 3) res' + r + j/ + 1) 

1>r > J “-J8 J-O j! r(j8+ 1) r(« + /J+r + « + 2) 


r - /, « + 1 . \ 

— R ~ r - si 9 


The approximate period is given by 
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(it) Binomial non linearity. Applying (3*6) and (3*7), it follows that the 
approximate solution of the non-linear differential equation 


is given by 


"i x + v **■(! - C x*)-v = 0 


r A (AzjM ( i + x ** 2 i s* 2 ) 

- _ A a + p + 2\, 1+ 1 ,r,sl X r,s) 


Cos A t 
r.s 


where 


X 


(P- *)A f , , , **2 | **2 \ 

+ a + p 4 2 V * 1,V I r,j J 5 

r,s y=o J ! 

rp» 4- g + 4) r(g + r 4 £ + 1) F /l - r - a -f 2 \ 

r(/3 + 2) r(r ■+ y + a + 0 + 3) 2 1 \ - 13 -r- sj ’ J 


and 


**2 A'- 1 m 0 2 30 (y)y + £ + 3) r(g + r + ,f/ 1) 

^l,r,r - « - /? y =0 " J * r(l + p) t(a + P + r + sj + 2) 

/-r-y, a + 1 

X 2 ^ J l - 10 - r - y ’ 

The approximate period is 


* — 2 7r / A. 


** 


(5*6) 


r>s 


(5*7) 


(5-8) 


(5-9) 


(5*10) 


For r = lja-l, (5*7) and (5*10) reduce to the results given earlier by 
the authors 11 . 


(m) Bessel non-linearity . On employing the formulae (3*8) and (3*9) it is 
found that the approximate solution of the following non-linear differential 
equation 


*+ « 0 s 2 «r( 8 + i)* r -s/ 8 (*) = o> 

where /g(x) is the ordinary Bessel function of the fh st kind, is given by 


(5*11) 


-r a-~^± ( i , x 
L a + ^ + 2 \ 1+x 


+ 


+ P + 2 

(6 ~ a)A 

a + P +2 


( 


1 + A 


V,2 

2 

1, r,fl 


■D] 
2 J • 


Cos Af j 2 t 


(5*12) 
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2 a A r-i * ('_ + 

\,2 ~ 0 A j ~ o 2-i (8 + ! 

r(« + p + 4 ) r(j3 4- ?• + 2 j + 1) F /I - r - 2j, O + 2 . _ 

r(B + 2) r(r + + a + P -f 3) 2 1 \ - ft - r - 2/ * 


2 .d*'- 1 “o 2 °° r(« + /3 + 3) r(j8 + r + 2j + 1) ( - A 2 )i 

X l,r >S = r= o 2^‘ j ! (S + l)y l'(l + j8) f(a + jS + f + 2j + 2) 


X ^ -p-r-2j ’V 

The approximate period is given by 

r* = 2ir/A f , 2 . (5-15) 

If we take r = 1, S=& in (5 • 1 1 ) and apply the Legendre’s duplication formula 
for the gamma functions [5, p. 6] and (3-10), we find that the differential equation 

x + o> 0 2 sin x ■- 0 (5*16) 

has the following approximate solution as obtained by Garde [8, p. 118(61)], 

.. 1 1 )] °“ w 


- r - 2j, a q 1 . _ 


+ P + 2 


1 + X 


2 i 2 


1,1,2 1 1,2 


X , „ Cos X m f 




and the approximate period is given by 

¥ if. — 2 fl 7 Xi ,2 , 


2 co (- f(« 4- fl + 4] flg 4 2/ + 2) 


x i 2 ~ “° 2 j! 0 'r(g •+ 2) r(a + /3 + 2j + 4)(2j) ! 


v » f - 2/, « + 2 . _ A 

X 2 p i ^ _ 13 _ 2j - 1 ’ J 

2 v cc r(a + /i + 3) r(/L±_3Lh?U^4^ 
and \l ,2 = a3J >0 (1 + 2 j) ! 1(1 + /?) r(« + 13 + + 3) 


_ /- 1 - 2j, « + 1 . _ j 

* ( - (S - 1 - 2 j ’ 
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Since in [8, p. 118] the value of approximate period has been compared with 
the exact period in case of sine non-linearity, which depends on a)* 2 of [8, eq. 59 
p. 118] the results (62), (66) and (67) remain the same due to the fact that there 
seems to be misprints in Garde’s equations 54, 57 and 58 referred above. 

It is interesting to observe that the approximate solution of the non-linear 
differential equations associated with generalized hypergeometric functions can be 
obtained in a similar manner and consequently the results given in this paper can 
be generalized. This will form the subject matter of a future communication. 
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Abstract 

The chemical composition of the leaves of rice plant grown in different soil 
moisture conditions and treated with potassium indicated the following : 

(1) Rice plant absorbs more nutrients during earlier than the later stages 

of growth, 

(2) The concentration of nitrogen, silica and potassium was higher in mois- 
ture depleted than in liberally irrigated plants. 

(3) No relation was found between the soil moisture and accumulation of 

phosporus, calcium and magnesium. 

(4) The role of potassium upon the accumulation of different nutrients is not 

clear. 

Introduction 

For healthy growth and development of a plant at its different stages, it is 
very essential that not only the supply of various nutrients be adequate but also 
they should be in well balanced proportions. A study on the chemical composi- 
tion of the plant carried out at different stages of growth can help to a great 
extent in understanding its nutritional requirement. Water being the carrier of 
different solutes right from the soil to different parts of the plant body, its status 
in the soil greatly affects the chemical composition of the tissues. Although 
potassium is a major plant nutrient and considerable knowledge with regard to its 
role in the plant has been acquired, not much information is available regarding 
its behaviour under the varying conditions of soil moisture. 

The present investigation was undertaken with a view to find out the extent 
to which different soil moisture conditions and potassium application by different 
methods affect the chemical composition of rice plant at different stages of 
growth. 

Experimental Method 

A short duration variety of paddy namely, N 22 was selected for the purpose. 
Other operations such as filling of pots with soil, raising of seedlings^ m the 
nursery, transplanting etc., remained the same as described in the authors paper 
(1963). 
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Period of Growth 

The observations started just after transplanting and continued till the end 
of advanced milking stage and covered the most active vegetative growth phases 
of the plant’s life-cycle. This part of life-cycle was divided into two periods of growth 
each of 30 days duration . The first period represented the seedling to advanced 
tillering stage and the second included advanced tillering, flowering and advanced 
milking stages. 

Arrangement of Pots 

At the start of each respective period, the pots were taken inside the gl ass 
house to avoid the interference due to rain, dew, etc. The pots were then divided 
in two sets, the first received liberal but equal and measured volume of water 
whereas in the second case, progressively depleted soil moisture conditions were 
created by stopping fresh supply of irrigation after allowing 2 n of standing water 
over the soil surface in the beginning. Pots undereach seL weie arranged in a 
factorial experimental design. 

Treatments 

The normally irrigated plants of each of the periods were denoted by I 
whereas the plants grown under the influence of depleted moisture conditions ?n 
the first and second periods were denoted by Ij and I 2 respectively. Both types 
of plants, (normally irrigated and moisture depleted) in the two respective periods 
were treated with potassium in the form of potassium sulphate at the rate of 40 lb 
K 2 0 per acre in the following manners : 

(1) K 0 — Control i.e no application of potassium. 

(2) K t — The whole amount was applied in a single dose just after the com- 

mencement of the respective growth period. 

(3) K 2 — The whole amount was split in two equal doses, the first applied in 

the beginning and the other 15 days later. 

(4) K 3 — In this case, the amount was applied in three instalments at an 

interval of 10 days starting just after the commencement of each 

period. 1 

All the treatment combinations falling under each period may be given as 
below : 


Treatment 

first 

Second 

number 

period 

period 

1 


I*K 0 

2 

InK* 

InK, 

3 

InK 2 

I„K 2 

4 

TnKs 

InK 3 

5 

IiKo 

I 2 K 0 

6 

IiK x 

hK, 

7 


I 2 K„ 

8 

IiK» 

VC 


Sampling : Keeping in view the suggestions of Shear el al (1946). Hasegawa 
and Takaaki (1956) and others only fairly matured and functional leaf blades of 
middle portion of the plant were plucked at an interval of 10 days in each of the 
periods. However, plucking operation in both the sets i.e , moisture depleted 
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and normally irrigated conditions was done when more than 50 per cent plants 
in the former case were wilted. The wilting point was judged visually. The 
plucked leaves were at once dried in an electric oven at 110°G and were then 
ground in an electrically operated semi-micro grinding mill to a fine powder. The 
powder was again dried, filled in sampling bottles and sealed with wax. 

Analytical Procedure : Total 'nitrogen was estimated according to the proce- 
dure recommended by Loomis and Shull (1938). The estimations of phosphorus, 
potassium, silica, calcium, and magnesium were done according to Piper (1950) 
and the method of wet digetion with sulphuric, nitric and perchloric acids as 
described in the procedure was followed. Phosphorus was estimated by the 
volumetric method. 

Experimental Findings 

A perusal of the accompanying Table indicates that except in a few cases, 
the concentration of all the nutrients falls as the plant ages. Taking the effect of 
irrigation on the concentration of different constituents, it may be noted that 
depletion of soil moisture reduces the nitrogen content in the early stage, but with 
the advancement of age, opposite trend is observed. Variation in the concentra- 
tion of phosphorus due to irrigation is not appreciable. However, a critical 
examination points out that a slight withdrawal of soil moisture in the beginning 
of each period favours more accumulation of it, but it is lowered when the with- 
drawal is too much during the later stages of growth. Data pertaining to potas- 
sium content appears to be quite interesting. It illustrates very clearly that the 
depleted soil moisture condition favours more accumulation of it in the first 
period, but in the second period, the trend is entirely reversed, and it is the 
normal irrigation which encouraged it more. Withdrawal of soil moisture has 
also been found to encourage accumulation of higher amount of silica at all stages 
of growth and development. The extent to which irrigation is responsible for the 
calcium uptake is not clear. However, its concentration is markedly reduced 
when the moisture content of the soil approaches the wilting point. The role of 
irrigation on the magnesium content is also not clear from the data presented. 

Further examination of the Table indicates that the application of potassium 
in general has got no effect on the accumulation of different nutrients. However, 
split application in case of moisture depleted plants, appears to encourage slightly 
more accumulation of nitrogen, phosphorus and potassium. On the other hand, 
concentration of silica, calcium and magnesium are not affected by its application 
in all the cases. 

It is difficult to say any thing specifically regarding the combined effect of 
the soil moisture conditions and potassium application on the accumulation of 
various nutrients. However, split application of potassium and depleted soil 
moisture generally favour more accumulation of nitrogen and silica particularly 
during the later stages of growth and development. 

Discussion 

The experimental data presented in the Table point out that the nutritional 
requirement is very great during the earlier than the later stages of plant s growth. 
A number of workers have also obtained similar result. Gile and Garrero report- 
ed as early as 1915 that in case of upland rice, percentage of nitrogen, phosphorus, 
potassium an i sulphur reduced with the advancement of plant’s age. Burd (1919) 
and Russell (1961) have also expressed similar view. Rapid growth can only take 
place when there is an adequate quantity of enzymes present in the plant tissues. 
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These enzymes require an abundant supply of nutrients for their proper function- 
ine. The growth is very rapid when the plant is young and this might have 
caused greater uptake of nutrients. On the other hand, the reduced absorption 
during the later stages might be due to the fact that a part of the requirement 0 f 
the new developing area is generally met from the already accumulated nutrients 
in the matured leaves* It is also possible that during this part of the life* cycle, 
some of the unnecessary minerals are removed from the Pint’s body (Chapman, 
1934 and thus the concentration of minerals is lowered. The removal o i minerals 
generally takes place by shedding of dead and older matured leaves and also by 
excretions through the root system. Sayre (1948) have reported that totabamount 
of potassium in the aerial parts of maize plant decreases towards the end of grow- 
ing season and this potassium is most probably excreted into the soil through the 
roois. The experimental results of the Central Rice Research Institute, Cuttack 
(Anonymous, 1961) have pointed out that after the application of nitrogenous 
fertilizer, the mineralised content of nitrogen in the soil decreases as the time 
phases and this might have also caused a reduced uptake of some nutrients in the 
older age. 

With regard to the effect of different soil moisture conditions on the accumu- 
lation of various nutrients, it has been noted that reduced supply of soil moisture 

causes greater accumulation of nitrogen in the tissues of the plant. This result 

confirms similar findings of Miller and Duley (1925) and Emmert ,(1936). Accord- 
ing to Richards and Wadleigh (1952), the less vegetative growth in the above case 
is most probably the main reason for its higher concentration. They are of the 
view that the rate of entry is approximately maintained in conjunction with the 
decreased rate of utilization in stunted plants growing under the influence of low 
availability of moisture, and this probably causes greater accumulation of various 
nutrients. On a similar ground, greater accumulation of silica at all stages and 
potassium during the first period is justified. It is not clear why depleted soil 
moisture condition forced a reduced accumulation of potassium during the second 
period of the growth. However, it is likely that due to reduced growth during 
this period, a very little amount is utilized in metabolic activities of the plant and 
greater portion of it is either excreted or not taken up by the root system. A slightly 
gre-ter content of phosphorus in case of partial withdrawal of soil moisture at the 
early stage of growth suggests that the supply of the nutrient is increased by more 
extension of root system, due to better aeration. On the other hand phosphorus, 
applied as a basal dressing in the beginning, might have been fixed in the soil 
very firmly later on and this might have led to less variation in absorption under 
different soil moisture conditions. A part from this, variable effects of soil 
moisture have also been found on the accumulation of calcium and magnesium 
and the result is more or less similar as reported by Maximov (1929), Thomas 
et al (1942 and 1943). 

No information of any significance has been obtained with regard to the 
effect of potassium application by different methods on the accumulation of 
various nutrients. No proper explanation can be given on account ol paucity of 
literature on this aspect. 
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T ble Showing the Effect of Soil Moisture Condition and Potassium Application on the 
1 a Average Chemical Composition ( percentage of dry matter) of Leaf at 
Different Stages of Growth and Development 


First Period 


— ” Total Phosphorus Potassium Silica Calcium Magnesium 

Treatments nitrog e n (P 2 O s ) (K 3 0) (SiO s ) (GaO) (MgO) 


1 

2 

3 

4 

5 

6 

7 

8 


1 

2 

3 

4 

5 

6 

7 

8 


1 

2 

3 

4 

5 

6 

7 

8 


1 

2 

3 

4 

5 

6 

7 

8 


X^Ko 
I „Ki 
i»k 2 
I*K, 
IiK 0 

IjKj 

IiK * 


I,K, 


I n X^o 

I»K, 

1»K, 

I«K» 

liK 0 

I,K X 

I,K 2 

I.K, 


I»Ko 
I K x 
T n K 2 

InKs 

I.K. 

I . K , 

i,k 2 

I.K, 


I»K, 

I « K X 

i«k 2 

InK s 

I 2 K 0 

IoKj 

I 2 K 2 

I,Ks 


4*84 

1-14 

10 Days 

3-06 

10*53 

0*62 

0*33 

4 * 8 ' 

1-11 

4-10 

8*78 

0*62 

0*15 

4*75 

1-29 

3-91 

9*36 

0*67 

0*29 

4*90 

1-37 

5-44 

8-83 

062 

0 37 

3*89 

1-26 

5-97 

13*78 

0-67 

0*38 

3*92 

1*19 

4-13 

13 39 

0*56 

0*42 

3*99 

1-32 

4-68 

1303 

0-62 

0*36 

3*95 

1-29 

5*07 

1282 

0*73 

0*22 


20 Days 


3*35 

3*19 

3*27 

3*31 

3*71 

3*84 

3*84 

3*85 

0*78 

0*75 

0*82 

0 81 
0*77 
0*69 
0*78 
0*72 

3*36 

3*98 

3*70 

3*52 

4*33 

4*44 

4*05 

4*03 

9*08 

8*20 

6*71 

6*21 

14*08 

13*93 

14*30 

13*25 

1*01 

1 06 

1*01 

1*12 

1*06 

1*01 

1*01 

0*90 

0*63 

0*78 

0*64 

0*53 

0*78 

0*83 

0*80 

0*78 


27 Days (wilting point) 



2*81 

0*82 

3*54 

6*67 

0*90 

0*71 

2*65 

0*71 

3*63 

7*90 

1*01 

0*31 

2*63 

0*77 

3*69 

7*31 

1*06 

0*23 

2*63 

0*68 

3*77 

10*28 

0*95 

0*42 

3*00 

0*53 

3*99 

14*13 

0*73 

0*68 

3*03 

0*59 

3*95 

15*04 

1*01 

0*38 

3*08 

0 60 

4*31 

14*71 

0*84 

0*37 

3*09 

0-55 

4*10 

15*26 

0*62 

0*45 


Second Period 


2*07 

0*59 

2 * 1 4 

0*70 

2*07 

0*62 

2*00 

0*68 

2*37 

0*74 

2-63 

0*73 

2*54 

0*72 

2*09 

0*84 


40 Days 


2*99 

6*12 

2*88 

6*25 

2*62 

8*02 

2*46 

6*52 

2*14 

9*54 

2*26 

9*98 

2*52 

10*39 

2*22 

7*96 


0*73 

0*56 

0*67 

0*38 

0*73 

0*69 

0*73 

0*65 

0*50 

0*31 

1*06 

0*39 

0*95 

0*75 

1*01 

0*75 
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ITnhh Contd.) ' — . 

Treatments 

Total 

nitrogen 

• Phosphorus Potassium 

(PA) A°) 

Silica 

(Si0 2 ) 

Calcium Magnesium 
(CaO) (MgO) 

1 

2 

3 

4 

5 

6 

7 

8 

In^o 

I«K-2 

i«k 3 

I 3 K 0 

i,k 2 

i 2 k, 

2-16 

2*07 

2-57 

2-15 

2-39 

2 50 
2-54 
2*51 

0*61 

0*63 

0 67 
0*75 
0'57 
0*60 
0*61 
0*59 

50 Days 

2*63 

3*20 

2*08 

2*72 
■ 2 33 

2*19 

2*10 
. 1*91 

8*26 

7*54 

9*57 

6*66 

9*78 

9*28 

9*33 

9*28 

0-84 

1*01 

0*73 

0*73 

0*78 

0*78 

0*67 

0*67 

0*52 

0*30 

0-49 

0*30 

0*43 

0*49. 

036 

0*37 




54 Days (wilting point) 



1 


1-78 

0*59 

2*42 

7*76 

• 1*01 

0*54 

2 

J w o 

LK, 

1-55 

: 0'64 

2*87 

7*13 

1*12 

0*27 

3 

I n K» 

1-5 1 ) 

0*65 

2*50 

6*99 

1*12 

0*41 

4 

I jC 

1-76 

0*69 

1*41 

7*18 

0*90 

0*45 

5 

•*76 0 

1 Ji>K„ ' 

2-35 

. 0-56 

1*85 

10*77 

0*78 

>0*20 

6 

A U 

* LKj 

2-28 

0*56 

1*93 

1 1*21 

0*67 

0*17 

7 

UK,, 

2-22 

, 0*55 

. 2*14 

10*20 

• 0-73 

0*39 

8 

IX 

1 96 

• 0*52 

. 2*21 

10*29 

• 0*73 

0*15 
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Abstract 

Observation by Geiger and Conn that Chalcone compounds possess marked 
antibacterial activity led us to prepare a number of S-bromo^-hydroxy-l-napjj. 
thyl styryl ketones from 3-bromo-4-hydroxy~i-acetonaphthone and aryl aldehydes 
by Claisen-Schmidt condensation. These compounds have been tested for their 
antibacterial properties and found to possess activities comparable to benzoic 
acid. 

Introduction 

In recent years a considerable amount of work has been done on the conden- 
sation of methyl aryl ketones with aromatic aldehydes to produce the so-called 
chalcones. These compounds and their bicyclic or polycyclic analogues 1 have been 
reported by a number of workers 2 * 3 * 4 * 6 to possess profound toxic 0 * 7 action against 
bacteria, fungus and also show anthelmintic, cardiovascular, etc. activities. This has 
tempted us to carry out studies in this direction. In the present communication 
synthesis of twenty-five compounds have been reported from 3-bromo-4-hydroxy- 
1-acetonaphthone with various aryl aldehydes in presence of alcoholic caustic 
potash solution. The synthesized compounds have been characterized by their 
C-H analyses (Table 1), tested for their antimicrobial activity by following the 
standard agar cup-plate method, compared against benzoic acid (Table 2). 

The condensation of 3-bromo-4-hydroxy- 1-acetonaphthone with different 
benzaldehydes in presence of concentrated caustic potash solution resulted into 
tarry masses giving a display of colours ranging from violet to dark brown and 
sometimes foul odoured products without giving the required compounds, whereas 
in presence of 15% alc.KOH beautiful crystalline compounds were deposited. 
This may be due to sensitivity of halogen substituted naphthols and hydroxy 
benzaldehydes towards the action of concentrated alkalis. Similar results were 
obtained during the condensation of 3-bromo-4-hydroxy-l-acetonaphthone and 
(2, 3 or 4)-nitro benzaldehydes even at this concentration of alkali solution. The 
products with methyl, methoxy and halo-substituted benzaldehydes were in quite 
good yield while those with hydroxy-bepzaldehydes gave very poor yield. This 
is attributed to the resinification and/or side reactions of hydroxy benzaldehydes 
with alkali solution. 

The. antimicrobial activity of chalcone compounds is largely contributed by 
the bridging group -C=C-CO~as well as the substituents present in the either side 
rings. In the present study the compounds obtained by the interaction of 3- 
bromo-4-hydroxy-l-acetonaphthone and halo substituted benzaldehydes were 


*To whom all correspondance should be made. 
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most effective against the gram positive bacteria (, S . aureus) as compared to those 
obtained with nitro, methyl, methoxy and hydroxy benzaldehydes. The marked 
antibacterial activity due to the presence of halogen atom in conjugation with the 
a, $-unsaturated ketonic group may be most probably due to the combined effect 
of tbe halogen atom and the extended conjugation, since halogen containing com- 
pounds are themselves highly antibacterial in nature. It has been found that 
the replacement of benzene nucleus by naphthlene in benzalacetophenone gave 
a slight augmentation in the toxic nature of these compounds. 

TABLE I 

Physical properties and analytical data of 3~Bromo-4 hydroxy-1 -naphthyl- 

substituted styryl ketones 


Colour and ^ p Halochro- % Carbon %hydrogen 

Substituents shape of oq * mism with Yield% 

crystals con. H 2 S0 4 Found Calc. Found Calc. 


No substi- Colourless, 
tuent a needle 

134 

Yellowish 

74'0 

64-81 

64-59 

3-59 

3-68 


red 






3-methyl 6 Light yellow, 

133 

Blood red 

67-0 

65-27 

65-39 

4-24 

4-08 

Prisms 








4-meth) l 6 Colourless, 

135 

5 J 

70*5 

65-30 

65-39 

4-31 

408 

Pods 








2-Chloro a ,, 

136 

Greenish 

yellow 

75-3 

58-97 

58-83 

3-27 

3 09 

3-09 

3-chloro a White shin- 

129 

Yellowish 

69-6 

58-75 

58-83 

2-83 

ing Needles 


red 






4-Chloro a Light 125-6 

Blood red 

77-0 

58*69 

58-83 

3-15 

3 09 

yellow Rods 






3-74 

3 52 

2-hydroxy 6 Silvery white 

132 

Yellow 

51-0 

61-98 

61-79 

Needles 







3-52 

3~hydroxy a „ 

133 

Brown 

54-5 

61-83 

61-79 

3-41 

prisms 






3-71 

3-52 

4-hydroxy 6 White, 
needles 

2 : 4-dihyd- Cream 

131 

Green 

63-1 

61-67 

61-79 

134 

Blood red 

60-4 

59 08 

59-21 

3-19 

3-37 

roxy c colour Plates 

2-methoxy c Silvery 

126 

Blood red 

75-6 

62-83 

62-66 

3-73 

3-91 

white plates 






3-63 

3-91 

3-methoxy a Light 

131 

Greenish 

74-4 

62-95 

62-66 

yellow Rods 


yellow 



62-66 

4-16 

3-91 

4 methoxy 05 Light yellow 
Needles 

2 : 3-dime- Light yellow 
thoxy a plates 1 

134 

Dull red 

80-1 

62-58 

135 

Green 

82-1 

60-87 

61-01 

4-36 

4-11 

3 : 4-di- Yellow, 

133 

Greenish 

804 

61-28 

61-01 

4-17 

4-11 

methoxy 05 Plates 


yellow 
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Colour and M p Halochro - % Carbon % hydrogen 

Substituents shape of 0 ' r ' rnism with Yield % ' 

crystals con. H 3 S0 4 Found Calc. Found Gale. 


3 : 4-dime- Golden 109-10 

thoxy-6- yellow, 

nitro 6 Needles 

Reddish 

orange 

79-4 

55-30 

55-01 

3-28 

3-49 

2-nitro 6 Shining, 

Globules 

132 

Greenish 

yellow 

61-0 

57-47 

57-28 

3-27 

3-01 

3-nitro a Colourless, 

Plates 

120 

>> 

70-5 

57-16 

57-28 

3-13 

3-01 

4-nitro a Light 

yellow Rods 

131 


75-5 

57-19 

57-28 

3-31 

3-01 

4-hydroxy-^ Cream colour 
3-methoxy Globules 

130 

Brown 

64-0 

60-43 

60-15 

3-56 

3-75 

5-bromo- c , Cream 
4-hydroxy- colour, 
3-methoxy Globules 

119 

Violet 

66-4 

50-47 

50-21 

2-71 

2-92 

3 : 4-methy- Light yellow, 
]enedioxy- c Plates 

131 

Dark red 

80 1 

60-71 

60-45 

3-14 

3-27 

5 : 6-Ben- Light 
zo- cl 2-Hy- yellow, 
droxy Rods 

75 

Reddish 

yellow 

58-0 

65-59 

65-88 

3-37 

3-5 

4 dimethyl 66 Buff, Plates 
amino 

118 

Blood red 

64-1 

63-74 

63-43 

4-39 

4-54 

2-Furfuryl- a Light, Plate 
dene-3~ yellow 

bromo-4- 

110 

Greenish 

yellow 

59 3 

59-51 

59-47 

3-19 

3-21 


hydroxy- 

l~acetona- 

phthone 


a = EtOH, b=Aq. EtOH, c^AcOET d-EtOH-AcOEt. 


Experimental 

/, 3-Bromo-4~hydroxy-l^acetonaphthone : 

The method of Akram 8 having failed, it was prepared by following the 
modified method. 10 g of 4-acetyl-l-naphthol 8 was dissolved in 150 ml of acetic 
acid and to this was gradually added 2*5 ml of bromine in 25 ml of acetic acid 
with stirring. It was kept for an overnight, poured into 500 ml of ice-cold water. 
The compound was collected, washed with water till free from acid, dried and 
crystallised from chloroform in the form of colourless needles, m.p. 134 (Found : 
Br, 30 * 1 C i2 H 9 0 2 Br required Br, 30*3%), 


[ 298 ] 



U 3 ^-Dimetkoxy benzaldehyde 0 : 

It was prepared by methylation of 3-methoxy-4-hydroxy benzaldehvde 
with dimethyl sulphate in alkaline solution. 1 

III. 3-Bromo-4-hydroxy-l~napkthyl-2-chloro styryl ketone : 

3-Bromo-4-hydroxy-I- acetonaphthone (O'Ol mole) and 2-chloro benzal- 
dehyde (0-01 mole) were dissolved in 30 ml of ethyl alcohol and to this was added 
3 ml of 15% alcoholic caustic potash solution over a period of 20 minutes with 
constant stirring and allowed to stand at room temperature for 48 hours - The 
reaction mixture was diluted, acidified with 10% HG1, filtered and crystallised 
the crude compound in the form of colourless rods, m.p. 136°C. The remaining 
compounds of the series were prepared by adopting this method (Table 1). ° 

The chalcones produce vivid colours when treated with concentrated sulp- 
huric acid (Table 1). 

The antimicrobial activity of these products was screened against S. aureus 
by following agar cup-plate method at 32±2° incubation temperature. Inoculum 
for the. work were prepared from 24 hours old stationary culture and diameter of 
zones of inhibition were recorded in mm. (Table 2). 

TABLE 2 


The antimicrobial activity of 3 bromo-4-hydroxy-l-naphthyl substituted 
styryl ketones against S. aureus 


Substituents 

Cone, in mg/ ml 

Diam. of zone 
of inhibition 
in mm. 

No substituent 

24 

13 

3-methyl 

22 

12 

4-methyl 

23 

12 

2-chloro 

20 

14 

3-chloro 

19 

15 

4-chloro 

21 

14 

2-hydroxy 

27 


3-hydroxy 

26 

- 

4-hydroxy 

28 

— 

2,4-dihydroxy 

27 

7 

2-methoxy 

24 

7 

3-methoxy 

23 

5 

4-methoxy 

22 

5 

2, 3-dime thoxy 

23 

6 

:%4- dimethoxy 

24 

6 

3,4-dimethoxy-6-nitro 

21 

14 

2~nitro 

22 

13 

3-nitro 

21 

12 

4-nitro 

22 

13 

4~hydroxy~3-methoxy 

26 

— 

5-bromo-4-hy droxy - 3 -me thoxy 2 4 

10 

3,4-methylenedioxy 

23 

9 

4-dimethylamino 

22 

10 


Benzoic acid 20 
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Syntheses of Some New 5’ : 6’-Benzochalcone Analogues of 
Antimicrobial Importance Part VI 

By 

S. C. KUSHWAHA, S. S. MISRA and J. B. LAL 
Chemistry Department , H. B. Technological Institute, Kanpur, India 
' [Received on 3rd July, 1968] 

Abstract 

Four methyl naphthyl ketones, i.e. 9 1-acetonaphthone, 4-hydroxy- 1 -ace - 
tonaphthone, 1 -met hoxy-4-acetonapht hone and l-methoxy-2-acetonaphthone 
have been condensed separately with various aromatic aldehydes in presence of 
alcoholic caustic potash solution and characterized by their 2,4-dinitrophenyl- 
hydrazone derivatives. All the synthesized compounds showed halochromism 
with cone, sulphuric acid and hydroxy analogues (where hydrox} 1 group is in 
ketone part) gave distinct colour shades with alcoholic ferric chloride solution. 
These compounds have been tested against gram positive bacteria S. aureus and 
compared with benzoic acid. 

Introduction 

Chalcones as antibacterial agents against the gram positive organisms have 
been reported by Geiger and Conn 1 in 1945. These compounds and their deriva- 
tives also showed inhibitory action against, S . hemolyticus 2 i S, aureus*'^ F* graminear urn 
and B. alii. 5 Wilson and Coworkers 0 observed that by the use of hydroxy and 
methoxy chalcones adrenaline was protected from destruction. Eaton and Davies 7 
reported that out of all the compounds tested, those with two benzene nuclei 
connected by bridging grougs like, -CH=CH-CO- or -CH = CH~, were toxic to 
fruit-tree red spider mite. In an earlier communication 8 we have found that by 
replacing one of the two benzene nuclei with thiopbenyl 8 , furfuryPand 8-hydroxy 
quinolinyl 9 groups and, of course, having diffeient substituents in the second 
benzene nucleus, a remarkable change in the antimicrobial activities occur. 

V\ ith these facts, there seems to be every possibility that the conjugation of 
halogen atom 10 , and/or amino group 13 with hydroxy 'and methoxy groups via a 
central conjugated system of double bonds, 1 > 12 * 13 of the type mentioned above, 
may result with higher degree of antimicrobial activities. By changing the position 
of halogen atom from ortho to meta, and then to para, we essentially increase 
the length of the central conjugated system which has halogen atom at its one end 
and hydroxy and/or methoxy group at the other. This inturn may, reinforce the 
antimicrobial activity of the compounds. Methoxy and hydroxy chalcones seems 
to have some toxic effect on higher animals, 7,14 but no study has been done on 
microbes. 

In literature hardly any work has been reported about the antimicrobial 
activities of the naphthalene analogues of chalcone compounds and hence it was 
thought desirable to synthesize such compounds, supposing them to possess 
potential antimicrobial activities. We have achieved this by condensing i-acetona- 
phthone, 1 -hydroxy 4— acetonaphihone, 1 -m ethoxy-4^- acetonaphth one and 
l-methoxy-2-acetonaphthone with various arylaldehydes in presence of alcoholic 
caustic potash solution at room temperature. The optimum preparative condi- 
tions were achieved and it was found that in presence of concentrated alkali 
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PHYSICAL CHARACTERISTICS AND ANALYTICAL DATA OF 5' : 6'-BENZOCHALCONES 
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solution and higher temperature dark brown tarry masses of unknown composition 
were formed. From this, no crystalline compound could be obtained. 

The chalcone analogues of these series have been characterized by their 
2 4 -dinitropheny lhydrazones. All these compounds showed halochromism when 
dissolved in cone, sulfuric acid (Table 1), compounds from No 25-41 which have 
hvdroxyl groups in the ketone part, responded to alcoholic ferric chloride test, 
producing distinct green colour shades, except that compound Nos. 31, 33, 36 and 
40, which gave reddish violet, red, brownish red and violet color shades 

respectively. 

The antimicrobial activity of these compounds were screened against 
5 aureus by following standard agar-cup-plate method, and compared with benzoic 
acid. The inoculum for the test were prepared from 24 hours old stationary 
culture and diameter of zones of inhibition were measured in mm. at (37 ± 2°) 
incubation temperature (Table 1). 

^ %PeT [!^^oxy- 4 -acetonaphthone : lB It was prepared by the action of acetyl chloride 
(24 g) on 1-naphthol (40 g) using anhydrous zinc chloride (40 g) as a catalyst and 
nitrobenzene (200 ml) as solvent. 

\-Methoxy-A-acetonaphthone : 15 It wap prepared by the action of dimethyl 
sulfate on l-hydroxy-4-acetonaphthone. 

\-Methoxy-2-acetonaphthone : 30 > 17 l-Naphthol was methylated by 'usual 
method to give 1-naphtholraethyl ether, which was then reacted with acetic anhy. 
dride using anhydrous aluminium chloride in carbon disulfide and collected at 
181-2/4 mm. 

5' : 6'-j Benzochalcones : The chalcone analogues of this series were prepered 
by our general procedure which has already been described in oui earlier publi- 
cations, 9 * 18 ^ 39 
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Abstract 

Various concentrations of gibberellin were sprayed on rice plants grown 
under different soil moisture conditions. The study on chemical composition of 
the leaves indicated the following : 

(1) Soil moisture and not the gibberellin largely influences the accumulation 
of nutrients. 

(2) Gibberellin application may favour accumulation of salts when irrigated 

liberally. 

Introduction 

Amongst the various factors which control the movement of different 
nutrients from particle to particle of soil and also from soil to plant, water plays 
the most dominant role. It acts as a carrier of nutrients from soil to various 
organs of the plant and hence chemical composition of a plant largely depends 
upon the status of the soil moisture. 

Gibberellin, which is a plant growth regulator, has been known to cause 
varying degree of vegetative growth and early flowering in different type of plants 
(Brian and Grove, 1957). A study which may help in understanding the effect 
of its application on the relative concentration of various nutrients under the 
influence of different soil moisture conditions appears to be quite useful. It is 
hoped that this work, which intends to reveal the chemical composition of leaves 
at different stages of growth, will not only throw light on the nutritional require- 
ment of the plant but also its irrigational need. So far as is known, no such work 
appears to have been reported in literature. 

Experimental Method 

The study was conducted on a mid-duration variety of paddy, viz , T 2 ^ 
Other preliminary operations such as raising of seedlings in the nursery, filing of 
the pots with soil, puddling, transplanting, application, of insecticide, etc., 
remained the same as mentioned in the authors’ paper (1963). 

Periods of Growth : The observations started just after transplanting and 
continued till the end of advance milking stage and covered the most active 
vegetative growth phases of the plants life-cycle. This part of the life-cycle was 
divided into two periods of growth each of 45 days duration. The first period 
represe nted the seedling and advance tillering stages and the. second included 
advance tillering, flowering and advance milking stages. Till the commencement 
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of respective growth period, plants were irrigated liberally with equal and 
measured volume of water. 

Arrangement of Pots : At the start of each respective period, the pots were 
taken inside the glass-house to avoid the interference due to rain, dew etc. The 
pots were then divided in two sets. The first received liberal but equal and 
measured volume~of water, whereas in the case of the second, progressively 
depleted soil moisture conditions were created by stopping fresh supply of irriga- 
tion after allowing V of standing water over the soil surface in the beginning, 
The pots under each set were arranged in a factorial experimental design. 5 

Treatments : The normally irrigated plants of each of the periods were 
denoted by In* whereas the plants grown under the influence ol depleted moisture 
conditions in the first and second periods were denoted by I } and. 1 2 respectively, 
Irrepective of the soil moisture conditions, following concentrations of gibberellm 
were sprayed over plants at an interval of 15 days starting just after the trans- 
planting and were continued till the beginning of the milking stage. 

(1) G 0 - Control, i.e< 9 no application of the hormone. 

(2) G x - 25 p.p.m. 

(3) G 2 -50 p.p.m. 

(4) G 3 - 100 p.p-tm 

All treatment combinations falling under each period may be given as 
below : 


Treatment 

No. 

Period I 

Period II 

1 

IhGq 

I»G 0 

2 

1»Gj 

InGj 

3 

1..G* 

InGi 

4 

lflGg 

l«G ;i 

5 

IiGo 

i,o 0 

6 

IiG x 

l a Gx 

7 

liG, 

UGjj 

8 

IrGs 

L,G S 


Sampling : Keeping in view the suggestions of Shear et al (1946), Hasegawa 
and Takaaki (1956) and others, only fairly matured and functional leaf blades of 
middle portion of the plant were plucked at an interval of 10 days in each of the 
periods. However, plucking operation in both the sets i,e. 9 moisture depleted 
and normally irrigated conditions was done when more than 50 per cent plants 
in the former case were wilted. The wilting point was judged visually. The 
plucked leaves were at once dried in an electric oven at 110°C and were then 
ground in an electrically operated semi- micro grinding mill to a fine powder. 
The powder was again dried, filled in sampling bottles and sealed with wax. 

Analytical Procedure : Total nitrogen was estimated according to the pro- 
cedure recommended by Loomis and Shull (1928). The estimations of phos- 
phorus, potassium, silica, calcium and magnesium were done according to Piper 
(1950) and wet digestion method (sulphuric -f nitric *+ perchloric acids) was 
employed. Phosphorus w f as estimated by the volumetric method. 
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Experimental Findings 

A critical study of the accompanying Table manifests the dominating nature 
of the soil moisture upon the accumulatian of various nutrients by the plant It 
is apparent that in a late maturing variety of paddy, nitrogen content is generally 
lowered with the advancing age till it approaches more or less a constant value. 
It has also been noted that except in the beginning of the first period, accomula- 
tion is generally more favoured by depleted soil moisture than the normally 
irrigated condition. In case of phosphorus, soil moisture has been found to affect 
only in the earlier part of the. life-cycle. It has been observed that normal 
irrigation causes more concentration in the beginning, then it is lowered for some- 
time and in the later stages of growth more or less an uniform value is obtained. 
On the other hand, moisture depleted plants accumulate less amount in the 
beginning, then the efficiency is increased considerably for sometime, but in the 
later stages it is not much affected. Except in few cases, potassium content has 
always been found greater in moisture depleted plants than the normally irrigated 
ones. Similar trend has also been noted in silica concentration. It may be seen 
that lowering of soil moisture at the start of each period encourages greater 
accumulation of calcium and later on the concentration is reduced. With regard 
to magnesium, variable results have been obtained. In general, depleted soil 
moisture condition slightly favours more accumulation. 

Taking the effect of gibberellin it may be pointed out that it has practically 
failed to influence the accumulation of different constituents. However, in a 
number of cases lower concentrations, particularly 25 p.p.m. have given better 
results than the higher concentrations. 

Discussion 

In the present investigation, soil moisture has very clearly played the most 
dominent role in controlling the nutrient accumulation. Except in a few cases, 
withdrawal of soil moisture encourages more concentration of different nutrients 
such as nitrogen, phosphorus, potassium, silica, calcium and to some extent 
magnesium also. It appears that a low availability of moisture causei stunting in 
growth and thereby greater concentration of nutrients per unit of dry matter 
results. Richards and Wadleigh (1952) were of the same opinion.. They have 
stated that the rate of entry is approximately maintained, in conjunction .with the 
decreased rate of utilization in the shunted plants growing under the influence 
of low availability of moisture, and this probably causes greater accumulation of 
many of the nutrients. The shunting in growth may be due t0 non- functioning 
of some vital enzymes under the low supply of moisture. Burd (1919) and Russell 
(1961) have also stated that for rapid growth, functioning of different enzymes is 
most essential. A progressive low concentration of different nutrients with the 
advancing age in a number of cases might be due to the fact that a part ° e 
requirement of the new developing area at later stages is. generally met from t e 
already accumulated nutrients in the matured leaves. It is also likely that during 
this part of the life cycle, some of the unnecessaiy minerals are removed trom 
the plants body (Chapman, 1934). The removal of minerals generally takes place 
by shedding of dead and older matured leaves and also by excretion throug e 
root system (Sayre, 1948). 
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Table Showing the Influence of Soil Moisture Conditions and Gibberellin Application 
on the Average Chemical Composition ( percentage of dry matter ) of 
Leaf at Different Stages of Growth and Development 


I Period 


Treatments 

Total 

nitrogen 

Phosphorus 
(P 2 0 6 ) 

Potassium 

(K a O) 

Silica 

(SiO,) 

Cal cium 
(CaO) 

Magnesium 

(MgO) 

1. l n G 0 

4-11 

0-82 

15 DAYS 

3-69 

7-37 

0-73 

0-36 

2. I n G] 

4 18 

0*82 

4-03 

7-78 

0-73 

0-40 

3. InG, 

4. I„G 3 

5. I.Go 

3-61 

0-85 

3-40 

7-83 

0-73 

0-29 

316 

0’84 

3-99 

I'll 

1-01 

031 

3-77 

0-63 

4-95 

12-55 

1-12 

0-96 

6. I,G, 

235 

0-63 

4-62 

11*46 

1-34 

0-84 

7. I,G 2 

8. lfi s 

3*16 

066 

4*86 

12-36 

1-23 

0-80 

: 3-23 

0-64 

4*40 

11-06 

1 29 

0*85 

1. I„G 0 

2-27 

0'72 

30 Days 

3*79 

6-71 

0-67 

0*49 

2. I n G, 

2-35 

0*75 

5-05 

7-50 

0-56 

0-50 

3. I n G 2 

249 

074 

4-29 

6-92 

0-62 

0-36 

4. I„G 3 

2-52 

0*84 

3*43 

7-44 

0-84 

0*67 

5. I,G Q 

3-36 

0-82 

4-89 

11-36 

0-73 

0-86 

6. I,G, 

3*50 

078 

4*48 

11-58 

0-73 

0-91 

7. I,G 2 

2-94 

0-74 

5-29 

13*82 

1 -23 

0-96 

8. 1,G 3 

2*74 

0-75 

4-54 

12-25 

0-78 

0-89 

1. I«G 0 

2-50 

40 Days (wiltihg point) 

0-64 1-63 7-40 

101 

0-47 

2. InG, 

2-37 

0-53 

2-62 

7-18 

1-01 

0-37 

3. I n G. 2 

2-60 

0-53 

2*91 

7:64 

0-90 

0-31 

4. I n G 3 

2-72 

0-58 

3-23 

7-16 

0-95 

0-45 

5. I,G 0 

• 2-65 

0*72 

5-22 

8-60 

0-56 

0-29 

6. 1,0, 

2-53 

0-74 

6-97 

8-12 

0*70 

0-65 

7. I,G 2 

2*61 

0-74 

6*62 

9 15 

0-70 

0-62 

8. IjGg 

2*63 

0-80 

5*19 

6-28 

0-84 

0-62 

1. I„G 0 

1 68 

0*49 

II Period 

60 DAYS 

1*84 

7*58 

1-06 

0-38 

2. I n G, 

1 27 

0*74 

4-45 

7-94 

0-73 

0*30 

3* InG, 

1-60 

0-61 

2*26 

9-30 

1-12 

0-15 

4 InG 3 

1-68 

0-66 

2 08 

692 

0-93 

0-11 

5. I 2 G 0 

1-74 

0-49 

2 33 

9*11 

1-01 

0-37 

6. 1,G, 

1-81 

0 48 

2-53 

9-21 

0-73 

016 

7- I,G, 

1*72 

0-52 

1*28 

9-26 

1-12 

0-30 

s. i;g; 

1-63 

047 

1-50 

6-94 

0-90 

0 13 
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[Table Contd.) 


Treatments 

Total 

nitrogen 

Phosphorus 

(P 2 o 5 ) 

Patassium 

(KjjO) 

Silica 

(SiO„) 

Calcium Magnesium 
(CaO) (MgO) 

1. I?iG 0 

1-44 

0-17 

75 Days 

3-66 

6*14 

0-78 

0*33 

2. IftGi 

1 87 

0-47 

296 

7-00 

0-84 

0-69 

3. I n G 2 

1-58 

0-46 

3-97 

6-07 

0°73 

0-35 

4. 1*1^3 

1-76 

0-43 

5-84 

5 99 

0*78 

0-54 

5. I 3 G 0 

1-86 

0-47 

4-40 

7*00 

0-73 

0-44 

6. LG, 

1-98 

0-52 

5-39 

8-39 

0 73 

0-56 

7. IA 

1-88 

0-52 

3-81 

7-95 

0-67 

0-49 

S. ^2^3 

1-77 

0-44 

3-50 

6-66 

0-45 

0-62 

1 . I n G 0 

1*81 

80 Days (wilting point) 

0 - 53 3-03 7-07 

0-34 

0-44 

2. I„G X 

3* I n&2 

1-74 

0-45 

2-61 

715 

1-01 

0-49 

1-74 

051 

3-52 

6-53 

1-12 

0-42 

4. IftG 3 

2-00 

0-59 

3-99 

6-53 

1-12 

0-56 

5. I 2 G 0 

2*02 

0-52 

3-16 

8-16 

1-06 

0-58 

6. I 2 G i 

7. I,G 2 

2*17 

0*50 

5T6 

8-26 

0-67 

0-65 

2-07 

0*51 

4-82 

8-43 

0-73 

0*59 

8. 1-2^3 

2-15 

0*45 

4-15 

8-07 

0-39 

0-42 


The role of gibberellin on the concentration of different constituents is not 
clear. However, application of a higher concentration of it, has lowered the 
content of different nutrients in a number of cases. This might be due to a 
greater vegetative growth with the result the concentration of different nutrients 
per unit weight of the dry matter is lowered. Thakur and Negi (1959) also 
observed that in case of nitrogen, gibberellin application causes lowering of its 
concentration in sugarcane plant. 
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Adsorption of Glycine on Activated Sugar Charcoal 

By 

K. D. JAIN & S- S. SAWHNF.Y 

Department of Chemistry, D. A. V. Postgraduate College, Dehra Dm 
[Received on 25th April, 1968] 

The present communication deals with the sorption of amino-acetic acid at 

17°G by sugar charcoal activated at 220°C and verification of Freundlich Relation- 
ship. The values of constants so obtained are K — T99 x 10 2 and 1/N = 1T0. 

Experimental 

Preparation of Sugar charcoal : It has been prepared in accordance with the 
method used by Jain and Jha (Journal of Indian Chemical Society Voh XVII No, 
11, 1910 Page 685). 

Method of Analysis : The adsorption experiments were carried out by weigh- 
ing exactly 1 gm of sugar charcoal in clean dry glass bottles of similar size to 
which 50 ml. ol glycine solution of different concentrations (in ppm) were added. 
The bottles were shaken for same length of time and kept for 12 hours after which 
the amount ol solute was determined in supernatant liquid by using Sorsenson 
formalin titration method. The amount of material adsorbed was calculated from 
initial and final concentrations. 

The results are tabulated as follows : 


TABLE 


SI. 

No. 

Cone, of glycine 
Before sorp- After sorp- 
tion (ppm) tion (ppm) 

C 0 C e 

Amount 

adsorbed 

X (ppm) 

x/m 

Log J0 x/m 

L °gio C 6 

I 

100 X 10 3 

88 x 10® 

12x103 

12x103 

4-0792 

4-9445 

2 

80 x 1C 3 

70x103 

lOXlO 3 

iox lo 3 

4-000 

4-8451 

3 

60 x 103 

53 2 < 103 

6-8x103 

6-8x103 

3-8325 

4-7243 

4 

50 x 10 3 

45-2x103 

4-8X 103 

4*8 x 10® 

3-6812 

4-6551 

5 

40 x10 s 

36-8x103 

3-2X10 3 

3-2x10® 

3-5050 

4-5658 

6 

20x103 

18x103 

2x103 

2x10-3 

3-3010 

4-2554 


Curve II shows the variation of x/m and C 6 (equilibrium cone.) where as 
curve I is a plot of log x/m (Total amount adsorbed) and Log C e (equiiibiium 
cone ) 


The classical adsorption isotherm is 

x/m=K Ce^where N is an arbitrary parameter chosen to fit the data, 
or Log x/m = Log K + I/N Log C e ~~ (A) 

According to equation A curve I should be a straight line and this is in 
agreement with the experimental values. 
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Changes in nutrient content of soils caused by growing 
wheat and rice in rotation under 
pot-culture conditions 

By 

M. VELAYUTHAM, K.- B- SHOME and B- KAMAMOORTHY 
Division of Soil Science and Agricultural Chemistry , Indian Agricultural 
Research Institute , New Delhi 

[Received on 20th October, 1970] 


Introduction 

With regard to the complexity of their forms, the major plant nutrient 
elements can be listed in the order, Nitrogen, Phosphate and Potash. More than 
90% of the soil nitrogen is in organic forms and in tropical mineral soils the 
content of organic phosphate and potash is very little. 

In inorganic forms nitrogen exists in the soil as NO~ 3 and NH + 4 ions in 
solution, exchangeable NH + 4 and fixed ammonium. The major part of the 
organic N is proteinaceous in nature. The presence of considerable amounts of 
amino acids and amino sugars in acid hydrolysates of soils has been reported by 
Bremner (1965 a). Of less quantitative importance are the purine and Pyrimidine 
derivatives However, the fractionation and identification of organic forms of N 
poses so great a puzzle that even now about 45-70% of nitrogen remains to be 
accounted for its nature. 

The phosphate in the soil is in the main in combination with Ca, Al, Fe and 
Mn. There are different compounds encountered in combinatian with each of 
these cations and they have a wide range in their solubility and crystallinity. As 
a result of fixation in the soil and its relatively immobile character, phosphate 
tends to accumulate in the different inorganic forms after repeated phosphalic 
fertilization. 

Excluding potassium in soil organisms, the total K in soil may be classified 
as (1) Water soluble K, Ks (2) Exchangeable or adsorbed K, Ke (3) Fixed or dim* 
culty exchangeable K, Kf and (4) Lattice or non-exchangeable K, K1 (Wiklander, 
1954). The relationship between the first three forms which are of importance 
in the immediate K supply to the plant, may be represented as, 

Very rapid Relatively rapid 

Water Soluble K ^ Exchangeable K Fixed K 

Very rapid Very slow 

The : bove mentioned forms of each of these nutrients are in dynamic equi- 
librium with one another. Their equilibria are constantly disturbed by the 
growing plant and by physical or chemical or biochemical changes in the soil 
body. In as much as the behaviour of the nutrient element is influenced by the 
forms of it taking part in the heterogenous equilibria, an understanding 01 the 
distribution of the forms of native nutrient and the reaction products of applied 
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nutrient is of considerable importance in profitable and efficient crop nutrition 
Chemical fractionation studies of the nutrient elements is of great value in tracing 
such changes in their forms. An attempted study in characterising the change! 
in the levels of some forms of N, P and K and some available trace elements i n 
soils caused by growing wheat, ( Tnticum aestivwn ) and rice ( Oryza saiiva) in rotation 
under pot-culture conditions is discussed in this paper. 

Experimental 

(1) Pot-culture experiments : 

Non-acid alluvial soils from 18 localities of Delhi State belonging to the 
Gheora and Mehroiii soil series were used in this study.^ About 4*5 Kg. of fine 
earth was taken in each earthern pot. There were live treatments namely 
control, NP, PK } NK and NPK. The elements were added at one level namely 
80 Kg/ha for N, 60 Kg/ha for P/D 6 and 30 Kg/ha for K a O using solutions of urea, 
super phosphate and potassium chloride respectively. Each treatment was 
replicated four times and a completely randomised design was adopted. All the 
pots received trace elements at the rate of 0*62 Kg/ha of Boric acid and T24 Kg/ha 
of sulphate of Manganese, Zinc and Copper. The treatment structure was 
common to each of the four crops studied in rotation. No provision was made for 
free leaching of solution from the Pots. 'The crops were grown lo maturity. 
During rabi 1967-68 (Nov.-April) wheat, variety, sonalika was used as the 
test crop. The post-harvest soil samples from all the pots of a single soil were 
pooled together and this potted soil was used again for the second test crop of 
rice, variety, IR-8, during kharif, 1968 (August-December). After completion of 
the experiment, these potted soils were used to raise a third crop of wheat, variety, 
sharbati Sonora, during rabi 1938-69 (Nov.-April) and the experiment was 
concluded after the fourth crop of rice, variety, padrna during kharif, 1969. 

(2) Soil Analysis 

Since sequential fractionation procedures were adopted for following the 
changes in the distribution of the forms of N, P and K, the details of the pro- 
cedure are given below. A composite soil sample from all the pots (control and 
treated) of all the localities was used for analysis. Duplicate fractionations and 
determinations of N, P and K were performed on each soil sample. 

(i) Fractionation of Nitrogen : The forms considered of importance in short- 
term cropping were (1) Exchangeable NH+ 4 -f NO~g (2) Fixed NH + d (3) Total 
hydrolyzable N (4) hydrolyzed NH+ 4 (5) Plexosamine and (6) Amino acid N„ 
Hence, a flow-sheet combining the procedure given by Cheng and Kurtz (1963) 
and Keeny and Brtmner (1964) was adopted. The nitrogen in each of the above 
forms was determined by macro- Kjeld ahl digestion and distillation as described 
by Bremner (19656). 

A 20 g. of soil (< 2mm) was leached with 100 ml. of N.KC1 (pH 1) and 
exchangeable NH+ 4 -f N0 3 + N were determined together in the leachate by 
alkaline distillation with Devarda’s alloy. The soil lesidue was digested at 100°G 
under reflux for 12 hours with 80 ml of 6 N.HC1, filtered through No. 50 filter 
paper and the residue washed with water. r l he liydrolyzate was adjusted to pH 
6*5 ± 0*1 electrometrically with lON.NaOH and the nt utralised h)drol)zate 
was made upto 250 ml volume. The hydrolyzable N was detei mined by digesting 
a portion of the hydrolyzate with Cone. B^SO d , K 2 S0 4 - Catalyst mixtuie and 
distilling the digestate with ION.NaOH, Hydiolyztd NIi + 4 - N was determined 
by distillation with MgO. Ammonium -p Hexosamine-N was deteimincd by dis- 
tillation with phosphate-borate buffer (pH 11*2), Amino acid N was determined 
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bv Steam distillation with phosphate borate-buffer (pH 11*2) and 5N.NaOH after 
treatments with 0‘5N.NaOH (I00°C) to decompose hexosamines and remove 
ammonium and with citric acid and Ninhydrin (J00°C) to convert a-amino N to 
ammonium-N. The total soil N was determined by the salicylic acid meth-'d 
modified to include treatment with water (Bremner, 1965*). The unidentified 
forms of organic N, non -hydrolyzable N and hexosamine N were calculated by 

difference. 

Available N was determined by the organic G method and alkaline KMnCb 
method (Muhr et aL 1965). 4 

(it) Fractionation oj Phosphate : The procedure adopted was essentially the 
same as proposed by Chang and Jackson (1957) with modifications as recommended 
by Khin and Leeper (i960). A 0*5. g. soil (< 0*5 mm) was successively extracted 
with N.NH 4 C1, 0*5 N.NH 4 F (pH 8*5), 0-IN. NaOH and 0*5 N.H,S0 4 to 
give saloid- P, Al-P, Fe-P and Ca-P. A separate soil sample was used to 
determine the occluded forms of P after removing the organic P by ignition of the 
soil at 450°G for 1 hour and subsequent extraction with OTN. NaOH, 0*5 
N.H 2 S0 4 , Sodium Citrate-bicarbonate-dithionite (occluded Fe-P) and 0*1 N. 
NaOH (occluded Fe-Al-P). The phosphate in the extracts was determined 
colorimetrically by the molybdenum blue colour method using a Klett- Summer son 
colorimeter. 

Available phosphate was determined by Olsen’s method and Bray-I method 
as described by Muhr et aL (1965). 

(iii) Fractionation of Potassium : A 10'g soil (< 0*5 mm) was shaken with 
50 ml. ol water for 1 hour and filteied through No. 50 filter paper using a Buchner 
funnel (water soluble K). The soil residue was leached intermittantly with 
neutral N.NH 4 OAC through No. 1 filter paper and made up to 250 ml (exchange- 
able K). The soil residue was boiled with 100 ml of N.HNO s for 10 minutes and 
leached with 0*2N. HNO s through No. 1 filter paper to get 250 ml. volume 
(Fixed K, Rouse and Bertramson, 1949). Potassium in the extracts was analysed 
using a systronix flame photometer. . 

(id) Trace elements : The procedures described by Chapman and Pratt (1961) 
were followed to determine the available Cu } Zn and Mn. Available Gu was 
determined by the Caibamate method using 0*1 N H Cl as the extractant, avail- 
able ZN as the dithiozone-carbamate complex using N.NH 4 OAG as the Extractant 
and available Mn by the Periodate method using 3 N. Ammonium Phosphate as 
the extractant. 

Results and Discussion 

Crop plants differ in their ability to utilise different forms of the major 
plant nutrients. Such differences become more marked when relatively immobile 
forms of nutrients such as phosphate or fixed K are considered or when two crops 
like wheat and rice having contrasting types of soil-root environment are consi- 
dered. In general the differences in the feedirg power for the diverse forms of 
nutrient exhibited by crops are due to their differences in root habit and in 
exchange property ol the absorbing root surface In the present study the soil 
in the pots for the wheat crop was kept under field- moist ccndition while for the 
rice crop it was kept under waterlogged condition. Certain important observa- 
tions on the changes in the distribution of forms of major nutrients caused by 
wheat and rice grown in rotation under contrasting soil water legimesare discussed 
below. 
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The changes in the distribution of forms of N are presented in Table 1 
Appreciable decrease in total N, available N and exchangeable NH+ 4 -f NO-, - ft' 
occurred after rice. Out of these, however, much significance cannot 
be attached to the decrease in exchangeable NH + 4 + NO-„ - N because they 
depend so much on the time of sampling and the pre-treatment of the sample 
prior to analysis. The fixed NH+ 4 remained unaltered after the growth of the 
four crops. In each sample not more than 10% of the total N could be accounted 
for in the inorganic forms signifying the predominantly organic nature of soil N 
and the importance of its transformation to meet the N needs of the growing 
plant. Cheng and Kurtz (1963) observed that over 90% of added N in soils was 
found in the hydrolytic products of soil organic matter mainly as amino acidN, 
amino sugar N and hydrolyzed NH+ 4 . 

The total hydrolyzable N increased after the first wheat crop, changed 
very little after rice and decreased after the third wheat crop. A complementary 
pattern was reflected in the status of non-hydrolyzable N (Acid insoluble 
humin N). Thus this fraction decreased progressively except after the third 
wheat crop. : 


TABLE 1 

Effect of crop rotation on forms of soil N 
N content (Mg N/100 g. Air dry soil) 


(') (2) (3) • (4) (5) 

Forms of N Uncropped After Wheat After Rice After Wheat After 

Soil 1967-68 1968 1968-69 rice 1969 


(1) Total N 

60-6 

— 

60-9 

— 

50-5 = 

53-0 



43-8 

(2) Exch. NH+ 4 +NO-,N 

2-9 


2*6 

- 

1-3 - 

1-4 

as 

0-9 

(3) Fixed NJH+ 4 

3-2 

=r 

3*0 


3-0 = 

2-9 

= 

3-1 

(4) Total hydrolyz- 

able N 

36-7 

4- 

45 1 

=r 

42-4 - 

35-1 

sss 

33-7 

(a) Ammonium 

5-9 


5-2 

— 

5*4 = 

5*6 


5-9 

( b ) Hexosamine 

4-2 


4*1 

— 

3-0 - 

2-3 


2-1 

(c) Amino acid 

8 3 

- 

6-1 

4- 

9*2 - 

6-6 

4“ 

9*8 

[d) Unidentified forms 
(acid insoluble 

humin N) 

18-3 

+ 

29-7 

- 

24-8 - 

20-9 

- 

15-9 

(5) Non hydrolyzable N 

(acid insoluble 

humin N) 

17 8 

- 

10-2 

— 

3-8 4- 

13-3 

— 

6* i 

(6) Available N by 

(a) Organic carbon % 

0-478 

+ 

0-516 


0*478 - 

n-452 


0-413 

(b) Alkaline Perman- 
ganate method- 

Kg/he 

231 


219 

- 

204 - 

193 

- 

184 


r 3i6 i 



Among the different forms of hydrolyzable N, there was no change in the 
hydrolyzed NH+ 4 fraction and a decline in hexosamine fraction was noticed after 
the second rice crop. It is interesting that amino acid N decreased after the 
first and third wheat crop but increased after the second and fourth rice crop. 
The unidentified forms of the hydrolyzable N (Probably acid soluble humin N) 
increased after the first wheat crop and progressively decreased thereafter. The 
relative change in the different organic forms within the total hydrolyzable JN 
after each crop was in accord with the net change of this particular fraction. 
Keeney and Bremner (1964) showed that the loss of any particular organie N frac- 
tion on cultivation was roughly proportional to the amount present before 
cultivation. 

The changes in the distribution of the inorganic forms of phosphate are 
given in Table-2. Compared to the uncropped soil there has been an increase 
in the total inorganic P (as obtained by sum of P fractions) of the soil at the end 
of the fourth‘Crop. This increase is due to the fixation of applied phosphate 
and accumulation in the ‘active 5 fractions and to the low percent utilisation of 
soil P by crops. The ‘inactive* occluded forms of phosphate have remained 
unaltered. 

TABLE 2 

Effect of crop rotation on forms of soil phosphorus 


(Forms of P. ppm. Air dry soil) 


Particulars 

Saloid-P 

1 

Al-P 

2 

Fe-P 

3 

Ca-P 

4 

occ occ 

Fe-P Fe-Al-P 
5 6 

Sum 

1-6 

Av.P in Kg/ha 
Olsen Bray I 

(1) Uncropped 

17 

4 4 

37 

347 

26 

8 

(489) 

18-7 72 0 

soil 

+ 

+ 

- 

+ 

= 

= 


- + 

(2) After wheat 

22 

54 

28 

365 

35 

8 

(512) 

16-4 108-0 

1967-68 

— 

=5 

+ 

= 

= 

= 


+ 

(3) After rice 

4 

54 

42 

365 

38 

7 

(510) 

23-0 94-0 

1968 

+ 

— 

+ 

+ 

= 

= 


— — 

(4) After wheat 

13 

47 

52 

391 

34 

8 

(545) 

18-8 91-8 

1969-69 

— 

= 

+ 

+ 

=r 

— 


+ 

(5) After rice 
1969 

Traces 

45 

61 

411 

36 

10 

(563) 

25-8 79-2 


After the first wheat crop the saloid P, Al-P and Ca-P have increased and 
the Fe-P decreased. After the third wheat crop, saloid P, Fe P and Ca-P increased 
and Al-P decreased. On the other hand, after the second and fourth rice crop, 
Fe-P increased and saloid P decreased with little change in Al-P. Thus the 
different P fractions are tapped effectively and in a complementary fashion by 
wheat and rice grown in rotation. The ability of rice to utilise Fe-P which has 
a very low solubility product has special significance in crop rotation. Islam and 
Elahi (1954) demonstrated the reduction of Fe-+ to Fe i+ under water-logged 
conditions and its relation to available P. The process of reduction an increase 
availability of P was greatly enhanced by the addition of oxidizable materials like 
green manure. Rodrigo (1966) considered Fe-P to be the mam source of sou P 
for low-land rice. By field experiments Bisen (1969) showed that rice has a 
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greater power of extrac.ing Fe-P than wheat. When the regression coefficient of 
Ca-P was taken as one the regression coefficient of Fe-P was about 1-5 times that 
of Ga-P in wheat soil whereas it was 2-5 times in rice soil. When the extract- 
ability of Fe P was taken as one, wheat extracted more Ca-P than rice. The 
advantage of mobilising effect of rice on soil P was stressed by Takahashi (1965) 
who showed that the residual effect of P added to a previous crop is much more 
apparent with rice than with other crops. 

The differential effect observed for the two crops on the preference for the 
P fractions is also reflected in the changes of the available P status as measured 
by the two soil test methods. After the growth of rice, using superphosphate as 
the source of P fertilizer there is an increase in Olsen’s P and an enrichment of 
Ca-P. On the other hand, after the. growth of wheat there is an increase in 
Bray’s P and decrease in Olsen’s P. It is evident that in growing rice after rice 
continuously there will be a wastelul accumulation of Ca-P while with crops like 
wheat after wheat there will be a wasteful accumulation of Fe-P whereas the 
effect of wheat-rice rotation (will be complementary leading to a greater efficiency 
in the utilisation of soil phosphate and reduction in the cost of fertilizer phospho- 
jus needed for crop production. 

Interesting distribution pattern of the forms of K also occurs as a result of 
wheat-rice rotation (Table 3). After the first wheat crop, the fixed K has decreased 
to a considerable degree along with a slight decrease in exchangeable K and 
increase in water soluble K. After the third wheat crop also the decrease in 
fixed K is considerable with a slight increase in exchangeable K only. On 
the other hand, after the growth of rice there is an increase in fixed * IC at 
the expense of depletion in both water soluble and exchangeable K. Thus 
due to the complementary effect of these two crops, the balance between the 
different forms of K is restored in a wheat-rice rotation leading to a non 
accumulation ol any form of K. The advantage of changing the crop rotation to 
offset the high K fixation in soils and utilise the native soil K has been pointed 
out by Schuffelen and Van Der Marel (1955). 

TABLE 3 

Effect of crop rotation on forms of soil potassium 
(ppm. K. Air dry soil) 


Particulars Water Soluble K Exchangeable K Fixed K 


(1) Uncropped soil 25 

+ 

(2) After wheat 1967-68 37 

(3) After rice 1968 25 

(4) After wheat 1968-69 27 

(5) After rice 1969 12 


225 

1175 

212 

1100 

- 

+ 

175 

1150 

Hr 

- 

187 

1050 

- 

+ 

150 

1114 
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TABLE 4 

Effect of crop rotation on available trace elements in soil 


Particulars 


(1) Uncropped soil 

(2) After wheat 1967-68 

(3) After rice 1 968 

(4) After wheat 1968-69 

(5) After rice 1969 


Available 

Gu 

content in 
Zn 

ppm of 
Mn 

2-29 

1-36 

10-78 

= 

= 


2-55 

1*82 

12*32 

— 

+ 

+ 

1*17 

3-55 

18-48 

= 

= 

= 

1*17 

2-92 

20-02 


+ 

+ 

- 

5-00 

44-00 


The trace elements status of the cropped soil (Table 4) showed that at the 
doses tried there was a decrease in the status of available Cu caused by the growth 
of rice. But, there was an over-all increase in the available Zn and Mn status, 
an effect caused to a greater degree by rice than wheat. 


Summary 

. The relative changes in the distribution of the forms of N, P and K and 
available nutrients in alluvial soils of Delhi state caused by growing wheat and 
rice in rotation was studied under pot-culture conditions. There was no change 
in the status of exchangeable NH + 4 , NO~ 3 and fixed NH+ 4 . Amino acid N was 
found to decrease after wheat but increase after rice. Fe-P was found to decrease 
after wheat but increase after rice. Saloid P was on the other hand found to 
follow the reverse trend. Similarly Olsen’s P was found to decrease after the 
growth of wheat but Bray’s P was found to increase. The reverse trend was 
found to occur after the growth of rice. There was no change in the levels of 
occluded forms of phosphorus. Fixed K was found to decrease after wheat but 
increase after rice. At the doses tried, there was a decrease in available Gu 
caused by the growth of rice and an over- all increase in the available Zn and Mn 
status, an effect caused to a greater degree by rice than wheat. It is demons- 
trated that wheat and rice grown in rotation play a complementary role in making 
better utilisation of the available forms of major and minor nutrients from the 
S0lis \ offsetting, some of the relative depletions and accumulations caused by 
growing crops like wheat or rice one after another. 
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The view of Burton 1 and Ingold and work done by Muller 2 and Henning and 
Kimball 3 in connection with heterogeneous reduction of ketone on mercury 
cathode surface has been elaborated and applied to the present investigation. 
The reaction is observed to be of the zero order with respect to ethyl-methyl 
ketone and first order with respect to titanous ion. Keto-enol transformation is 
not applicable in determining the rate of reaction. It is ketonic variety of the 
ketone which is involved in the rate determining step. 

Materials Employed 

Ethyl-methyl ketone (Analar B. D. H. grade), titanous sulphate (Technical 
B. D. H. grade), ferric chloride (L. R., B. D. H. grade) Ammonium thiocyanate 
(Analar B. D. H. grade), sulphuric acid (Analar B. D. H. grade) and apparatus 
for continuous supply of carbon dioxide current. 

Ethyl-methyl ketone was redistilled and the fractions distilling between 
80-8 l°G was used. The standard solution of ethyl-methyl ketone was prepared 
by weighing exact quantity and dissolving in air-free distilled water and stored 
in dark air-tight bottle. Titanous sulphate solution was prepared and standar- 
dised as described by Idem 4 and was stored in air-free carbon dioxide atmosphere. 
A standard solution of ferric chloride was used in all experiments for quenching 
the reaction. 

Kinetic Measurements 

The p esent kinetic study and the results observed are confined to only 
oxygen free and dark reactions. Reactants free from oxygen were taken in 
separate specially designed blackend reaction vessels and kept in a thermostat 
maintained at desired temperature by an electronic relay. Reaction was started 
by mixing the reactants. A stream of carbon dioxide was continuously passed over 
the surface of the reaction mixture through out the entire course of the reaction. 
5 mis. of the aliquot was taken out at various intervals and poured in a specially 
designed conical flask containing a known excess of fe ric chloride solution and 
25 mis. of 0*5 M sulphuric acid for quenching the reaction and to obviate any 
possibility of hydrolysis of titanous salt due to dilution. The amount of remaining 
ferric salt was determined by titrating against a standard solution of titanous 
sulphate using ammonium thiocyanate as indicator in carbon dioxide atmosphere. 

Results 

In the present experiment the concentration of titanous ion is small as 
compared to that of ethyl -methyl ketone. It has been observed that the order of 
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the reaction with respect to titanous ion is unity. The results obtained show that 
first order velocity constants remained practically constant in all cases. 

The data in Table 1 shows that the value of k x the first order velocity cons- 
tant remains practically constant through out the entire course of the reaction 
studied. 



TABLE 1 


[Ti+++] = 4-0 X 

10" 3 M. Temperature 40°C. 

[C 2 H 6 GO.GH 3 l = 21-5 X 
[H 3 S0 4 ] = 2-0 M. 

10“ 2 M. 


Time in minutes Mis. of 00078 M Ti 3 (SOJ 3 used 

ki X 10 1 in minute -1 

0 

10-30 

— 

30 

10-72 

61-10 

60 

10-8.2 

36-17 

90 

10-96 

34-65 

120 

11-16 

34-13 

150 

11-36 

35-99 

180 

11-50 

35-15 

210 

1 1-60 

33-75 

240 

11-72 

33-71 

270 

11-84 

34-09 

05 

12-80 (Calculated) 

- 


Average value of^ (except first) = 34*96 X KH minute" 1 


In Table 2, the data obtained at different initial concentrations of titanous 
ion, at a given concentration of ethyl-methyl ketone and sulphuric acid has been 
reported. The data clearly shows that the first order velocity constant is inde- 
pendent of initial concentration of titanous ion. 


[C 2 H 5 CO.CH 3 ] 

TABLE 2 
= 10-75 x 10 -2 M. 

Temperature 40°C. 

[H a S0 4 ] 

= 2-0 M 


[Ti+++] x 

J0 s M } h x 10* (min.- 1 ) 

Half time period t 0 . 5 (min.) 

3-30 

35-94 

195 

4-00 

35-44 

195 

6-60 

35-19 

195 


Average value of k i — 35-53' 

X 1'0“ 4 min -1 . 


In Table 2, the half time period / 0 . 6 has also been calculated which is practi- 
cally constant. The data confirm that the order of reaction with respect to 
titanous ion is unity in the reaction between* ethyl- methyl ketone and titanous 
sulphate. 
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The order of reaction with respect to ethyl-methyl ketone. 

As the concentration of ethyl-methyl ketone is 1*roe „„„ 
ion, the concentration of ethyl-methyl ketone may be afsumed to^lonstaLTfor 
any given run. If the initial concentration of the ethyl-methvl ketone u j 
,be value oft will change with the change in the lull. l“2S“ "f tS 
The magnitude of the change in the constant will depend upon the order of tke 
reaction with respect to ethyl-methyl ketone. Table 3 shows that 
f is practically constant and does not change with the change in I™ ° f 

ci„,,..ion of e.hyl-m«.h,l ketone. Thi, sh<L Z, ,£' 0 , de “r 8 'f I,' S 
respect to ethyl-methyl ketone is aero. Hence it is concluded that the “rdeTof 
the reaction with respect to ethyl- methyl ketone is zero Tc w v ?* 

Table 1 and 2 that the order of reaction is ^ unity S iespect 
Therefore, the total order of the reaction is also unity. P tltanous salt - 



TABLE 3 


[Ti+++] = 

5-0 X 10-3M. 

Temperature 40°G 

[H 2 SO,] 

2-0 M 


[Ethyl-methyl ketone] X 10 2 M 

X 10* (min- 1 ). 

5-38 


35-65 

7-17 


35*49 

10-75 


35-53 

21-50 


35-25 

Average value of = 35*48 X 1(H min** 1 . 

Table 4, shows the effect of H-ion concentration on the reaction rate. It is 
observed that the first order velocity constant gradually decreases with the increase 
in the concentration of sulphuric acid. 


TABLE 4 


[Ti+ + +] = 

5-00 x 10-3 M 

Temperature 40°G 

[G 3 H 5 CO.GH 3 ] = 

5-38 X 10- s M 


[H a SOJ x M 

k t < 10 1 (Min- 1 ) 

[H + ] XM 10^ 

1-00 

60-11 

60 18 

1-50 

45*06 

67-59 

2-00 

35-65 

71-30 

3-00 

26-35 

79-05 

4-00 

22-34 

89*36 


It is assumed that the concentration of H-ion produced will be equal to th 
molar concentration of sulphuric acid initially taken. 
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Identification of the Products 

A large quantity of reaction mixture containing ethyl-methyl ketone tita 
sulphate, sulphuric acid and water was kept in a thermostat for two to three d”* 
at 50°G in air-tight vessel keeping all necessary precautions. When the react^ S 
was complete the reaction mixture was distilled to remove remaining ethyl-mel 01 } 
ketone. Ketone free reaction mixture was then shaken with ether and ethe i 
layer was seperated and ether was evaporated slowly. Solution thus obtaind 
was distilled in micro-distillation apparatus and fraction distilling at 99°q ^ 
collected and put to paper chromatographic test by making xanthozenate. tu S 
test confirms the presence of sec-butyl alcohol. ‘ ne 

Discussion and Mechanism 

In view of the experimental results observed in the present work a plausibl 
mechanism for the reaction between ethyl-methyl ketone and titanous salt has 
been suggested. As the ketones undergo enolisation in presence of acid or base it 
is obvious to enquire whether enolisation of ketone is a rate controlling step or 
not, in the present series of work. Lapworth 5 is first to point out that the rate 
controlling process in acetone-bromine reaction involves the slow enolisation of 
acetone. In their study of enolisation of acetone Dawson and Spirey 6 showed 

that enolisation is due to general acid base catalysis 7 and in the acetate buffers 

the rate constant can be given by the expression 

i I= =6 x 10~ 9 +5*6x 1(H [H s O+]+ l*3x 10“° [HOACl4-7[OH"]+3*3 x 10~ 8 [AOC-] 
+ 3-5x10-° [HOAG] AOO] (1) 

In the present case the mixture is highly acidic and does not contain acetic 
acid or acetate ions. Consequently all the terms except second may be dropped on 
the right hand side of Eqn, (1). Thus Eqn. (1) can be put in the form : 

k - 5*6 x 10-4 [HgO 4 *] + k' [HSCV] ( 2 ) 

where k ( is the catalytic coefficient of HSCV ions (which is included in present 
case). However, HSCV behaves like weak acid 8 (K a 10“ 2 at 25°G). Conse- 
quently the catalytic coefficient of 'HSO* ion is, nearly equalto that of acetic 
acid. Thus neglecting second term in Eqn. (2) 

k = 5-6 X 10-4 [H a O+] at 25°G ( 3 ) 

Since each molecule of sulphuric acid gives one H-ion and one HS<V ion on 
dissociation, the concentration of each ion will be approximately equal to that 
of sulphuric acid (2M). Hence the rate constant for enolisation of acetone in the 
presence of 2M sulphuric acid at 25°G will be 

k — 5*6 X 2 x 1 0”4 approximately (4) 

As uming the temperature coefficient of enolisation to be 3 for a rise of ten 
degrees, the rate constant for enolisation at 35°G will be 33*6 x 10“ 4 approxi- 
mately. 

It is well known that rate constant of enolisation of ethyl-methyl ketone is 
very small as compared to acetone. Hence rate constant of enolisation of ethyl- 
methyl ketone will be very much less than 33*6 X 1(H at 33°G. 

I resent investigation shows that the rate constant of reaction between ethyl- 
methyl ketone and titanous ion at 40°C is 35*48 x 1(H mur , (see table 3) which 
will be much higher than the calculated rate constant for enolisation of 
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ethyl-methyl ketone. Hence enolisation of a ethyl-methyl ketone does not appear 
to be the rate controlling step m the present series of reactions. PP 

It has been observed that increase in concentration of acid leads to retarda- 
tion in the reaction velocity. This could not occur if enolisation were one of the 
rate determining steps, since enolisation is accelerated in presence of acids It is 
therefore concluded that the ketonic variety of ketone is the reactive species of 

ethyl-methyl ketone and not the enolic one. H 

The metallic ions as such rarely exist in aqueous solution. Thus titanous 

r I P Wr Iike ferric ion which has the 

form_Fe(H 2 0)„ + h + . According to Goring hydrolysis of metallic ion in aqueous 
solution involves an attack by hydroxyl ion which replaces a water molecule 
from the co-ordination sphere of the ion and thus the first and second hydrolvtc 
equilibria involving ferric ion will be represented in the form ; 7 

A. [Fe(H 2 0) e +++] + [OH-] ^ [Fe(OH) (H 2 0) 5 ++] + H 2 0 


h 

B. [Fe(OH) (H 2 0) 5 ++ ] + [OH-] ^ [Fe(OH) (H 2 0) 4 +] + H 2 0 

k. 2 

The first equilibrium is rapid while the second is slow one. In second equili- 
brium the back reaction constant (k 2 = 0‘0783 at 55°C) is small as compared to 
the forward reaction constant (k l = 5‘9 X 10 at 55°G) and thus, equilibrium may 
take finite time before they are fully established and compete with rate determin- 
ing steps in the reaction between stannous ion and ferric ion. As mentioned, it 
appears that in the present series of reactions the first step in the reaction 
mechanism is the slow hydrolysis of titanous ions. 

Muller 11 , Henning and Kimball 32 , have put forward a mechanism for the 
formation of iso- propyl alcohol at mercury cathode in their study of electrolytic 
reduction of acetone. Henning and Kimball showed that there is a formation of 
a surface complex and the uptake of hydrogen in the form of H-ion because even 
in direct reduction of ketones by dissolving metals a direct addition of hydrogen 
does not take place. Burton and Ingold 13 developed the theory that the “Nascent” 
hydrogen ol dissolving metals consists of the electrons and protons supplied from 
different sources but not of preformed H-atoms. The reduction of ketone by 
metals capable of forming bivalent ion occurs when two electrons have been 
captured by organic system, when octets have been completed and a negative 
charge has been acquired by the organic system. 


On the basis of what has been described earlier the following mechanism is 
suggested : 

k ' 

c. [Ti(H a O) 6 + + +] + [OH-] [Ti(OH) (H 2 0) 5 ++] + H 2 0 


D. 


[Ti(OH) (H a O) 6 + + ] + 


H 6 c 2 . k 2 H &\a „ 

= O [Ti(OH) (H a O) 5 +*-] + >0-0- 

H 3 C / H 3 c ' 


E. 


H 5 C 

H s C 


\ . fast 

/C-O- + h 2 o > 


H 6 C, v . 

) G-OH + [OH - ] 
H 3 C ' 
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H B C 2 , • fast H A\ 

F. c ^ C-OH + [Ti(OH) (H 2 0) 5 ++] ^ q ^ G-OH + [Ti (OH)(H a O),+H] 


H 6 C 2 

G. 

H S G 


Sc -OH + 


fast H B C 2N 

HoO * )CHOH + [OH-] 

h 3 c/ 


In the mechanism mentioned above the first two steps are rate determinine 
steps. The last -three steps are fast and need not be taken into consideration for 
calculating the rate reaction. 

The rate, at which the concentration oftitanous ion changes will be given 
by the expression : 


d[Ti(H ^ } - 6 - "- = *JTi(OH) (H 2 0) B ++ ] X [H B C 2 -CO-CH 3 ] 


(5) 


where [Ti(OH) (H 2 0) 5 ++ ] represents the stationary state concentration of hydro- 
lysed titanous ion at the stationary point, and therefore 


- = * 1 'CTi(H a O).+++] X [OH-] - *./[' Ti(0H)(H 2 0) B + 4 ] 

-* a [Ti(Ofl) (H s O),++] X [H B C 2 -CO-CH s ] = (6j 

Or Ai , [Ti(H !1 0) 8 f+ +] X [OH-] = *.,'[Ti(OH) (H a O) B ++] + k a [Ti(OH) (H a O),+f] 

X [H B G.GO.GH 8 ] 

Or [Ti(OH) (H 2 0) b ++] (A./ + A a [H B C 2 -CO-CH 3 ]} = * 1 '[Ti(H a O) a +++] x [OH-] 

x [OH - ] 


Or [Ti(OH) (H,0) B ++] = 


*-i' + * a [H B G a .GO.OH 8 ] 


(7) 


Substituting for [Ti(OH) (H a O) B ++] in Eqn. (5) the expression becomes : 

d[Ti(H 2 Q) 8 + l " f ] = V k 2 Ti(H. i O) ft +++] x [H B C a .CO.CH 3 ] x [OH"] 

dt k-i' + A 2 [H B G 2 -CO-CH] " ^ 

[OH"] = K„/[H+] (9) 

where K w is the dissociation constant for water. 

Substituting for [OH"] in Eqn. (8) it becomes 


d[Ti(H a O),,+*»] _ M 2 K w [Ti{H 2 0) n ^+][H B G 2 .C0.GH 3 ] /im 

dt [H + ] {*-/“+ [H B C a .G6.CH 3 ]A a } [W] 

where [Ti(H 2 0)„' , ' +4 ] represent the instantaneous concentration oftitanous ions 
and [H b C 2 .CO,CH 8 ] represents the concentration of ethyl-methyl ketone. Eqn. (10) 
clearly shows that the velocity of the reaction will decrease with an increase in 
H-ion concentration and this has been found to be experimentally correct ( see 
Table 4). The experimental results confirm that the value of k x decreases with 
increase in the H-ion concentration although exact inverse proportionality has 
not been observed. This discrepancy is most probably due to the fact that in 
calculating the concentration of H-ions, the dissociation of HS0 4 " ion could not 
be taken into consideration. 
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Since titanous salts are much more easily hydrolysed than ferric salts, 
/j t 0*0783) it is reasonable to assume that the value of k x ‘ in the case of 
hydrolysis of titanous ion will be very small. In view of the above arguments, 
one may assume that the value of k ^ is very small as compared to that of 
JfcaIH5Cj.CO.CHs] in Eqn. (10). 

Thus Eqn. (10) can be written as : 

d[Ti(H a O) # + + +] _ V K w [Ti(H s O),+++] „ n 

dt " ' [H+] U ’ 

For any given hydrogen ion concentration the Eqn. (1 1) can be put in the form : 

_ d[Ti ( HaO ) B ++^] = * ilTi(H#0 ) #+++] (12) 


where k i is experimentally observed 

by : 

Jr - a , Kw 

1 ~~ [H + ]> 


first order velocity constant and is expressed 


(13) 


Eqn. (11) clearly shows that the reaction is independent of the concentration of 
ethyl methyl ketone and the reaction is inversely proportional to the concentration 
ofH-ions. Eqn. (12) also shows that the order of the reaction with respect to 
titanous ion is unity and with respect to ethyl-methyl ketone is zero. Hence the 
mechanism put forward seems to be quite reasonably correct and explains the 
observed data. 


Acknowledgement 

Authors (Ahmad Masood and M. L. Verma) are grateful to C. S. I. R., 
Government of India, for providing financial assistance. 


References 


1 . 

2 . 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10 . 

H. 

12 . 

13. 


Burton, H. and Ingold, C. K. J. Chem. Soc., 2022, 1929. 

Muller, R. E. %eit.-f. Eleklrochemi, 33, 253, 1927. 

Henning, G. R. and Kimball, G. E. J. Chem. Phys., 12, 415, 1944. 
Idem. Ibid., 331, 1964. 

Lapworth, A. J . Chem. Soc., 85, 30, 1904. 

Dawsons, H. M. and Spirey, E. J. Chem . Soc., 2’ 80, 1930. 
Bronsted, J. N. Rev. Trav. Chem., 42, 718, 1923. 

Sherrill and Noyes, A. A. J. Chem. Soc., 48, 1861, 1926. 

Cotton, F. A. and Wilinson, G. Adv. Inorg. Chem., 584, 1962. 
national Publications. 

Gorin, M. H. J. Am. Chem. Soc.. 58, 1794, 1936. 

Muller, R. E. Zeit.f. Etecktrochemic, 33, 253, 1927. 

Henning, G. R. and Kimball, G. E. J. Chem. Phys., 12, ,415, 1944. 
Burton, H. and Ingold, G. K. J. Chem. Soc., 2022, 1929. 


Inter- 


[ 327 ] 



Proc. Nat. Acad. Sc!., India, 40(A), III, 1970 


Kinetics of Hydrolysis of Dibromo-acetate Ion in Alkali*** 

Aqueous medium me 

By 

KUNJ BEHARI, Y- P* S. TOMAR & BAL KRISHNA 
Chemistry Department , University of Allahabad , Allahabad , India 

[Received on 8th November, 1968] 


Abstract 

Hydrolysis of dibromo-acetate ion in alkaline aqueous medium has been 
studied. The order of the reaction is two, unity with respect to each reactant 
while in neutral medium kinetic course of the reaction shows the first order. The 
reaction has been studied at four different temperatures. A plausible mechanism 
of hydrolysis in alkaline medium has been put forward. 

Introduction 

# Larson 1 has studied the hydrolysis of dichloroacetate ion in aqueous alkaline 
medium at 75°. According to F. Kunze 2 the dichioro-acetate ions, not dichloro- 
acetic acid molecules, are hydrolysed in acidic or faintly alkaline aqueous medium. 
He showed the order of the reaction is unity and is not catalysed by hydrogen 
ions. It has also been shown by Larson that first order process does not show 
phosphate ion catalysis. Here the hydrolysis of dibromo-acetate ion has been 
studied and it has been found that it hydrolyses more rapidly than dichioro-acetate 
ion. It has been found that order of the reaction is two, unity with respect to 
each reactant and in neutral medium or in faintly alkaline medium the order is 
unity. 

Material employed : Sodium dibromo-acetate (Fluka) was used as such, 
sodium hydroxide, potassium nitrate, silver nitrate, ammonium thiocyanate and 
feric alum were all either (A. R. B. D. H.) or (G. R. E. Merck) grade. 

Progress of the reaction : The reaction was studied at the requisite tempera- 
ture by keeping it in a thermostat. The progress of the reaction was quenched 
by pouring an aliquot part (5 ml.) to a beaker containing 10 ml. of 3N nitric 
acid. A known amount of AgN 0 3 was added and the excess was estimated by 
standard solution of ammonium thio-cyanate using ferric alum as an indicator. 

Study of hydrolysis in neutral solution : 

. rea ction was also studied in faintely alkaline solution, under thesecondi- 

tions the leaction velocity is slow. Here also the progress of the reaction was 
followed by estimating the bromide ion formed. 

The ovetall reaction between dibromo-acetate ion and hydroxyl ion may be 
written as follows : 

CHBr 2 COO-4.20H- CHOCOO- + H ;i O+2Br (I) 

according to above equation the order of the reaction must be three hut in practice 
it lias been found that order is unity with respect to dibromo-acetate ion and is 
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unity with respect to hydroxyl ion at constant ionic strength. It seems that this 
reaction is not one step process but two steps reaction, they may be — 

CHBr 2 COO-+OH* CH(OH)Br COO'+Br' (2) 

CH(OH)BrCOO-+OH- CHOCOO'-f Br-+H 2 0 (3) 

of which (3) in comparision to (2) proceeds so rapidly that (2) determines the rate 
of hydrolysis. Here the hydrolysis is a reaction of the second order. The kine- 
tical experiments show that the rate is according to (2) proportional to the concen- 
tration of dibrom-acetate ion and hydroxyl ions, at constant ionic strength when 
the solutions are so alkaline that the hydrolysis in neutral medium can be ignored. 
The rate of the reaction can be expressed by iollowing expression : 

- 2 T = h [OH’] [CHBr 2 coo-] (4) 

This equation only holds good initial region of the reaction. We have con- 
fined'ourself only in initial of the reaction due to the fact that in finite quantity 
of hydroxyl ions secondary reaction between glyoxate ion and hydroxyl ions takes 
place according to the following equation : 

2CHOCOO-+OH- CH^OH+GOO- 

I I 

GOO- COO 

The velocity constant can be calculated by dividing the value of initial 

dr. . 

velocity (~ l) with the concentration of dibromo-acetate ion and hydroxyl ion. 

In following tables the column 1 shows the initial concentration of dibromo- 
acetate ion ; column 2 shows the concentration of dibromo* acetate at which the 
velocity is measured ; column 3 shows the value of (- ^ )/G ® k x which is practi- 
cally constant proves that the order of the reaction with respect to dibromo-acetate 
ion is unity. 

TABLE 1 


(A) 

Temperature 55°G 
[Sodium Hydroxide] = 4M 





k 3 X 10 3 

[CHBr 2 COO-]x 10 2 M 

Cx 10 2 M 

k,X 10 3 min' 1 

litres mol' 1 



min' 1 

5-06 

4-63 

8-01 

2-00 

3-54 

3-21 

8-12 

2-03 

2-56 

2-34 

8-10 

2-02 

1-60 

» 1-48 

8-10 

2-02 

0-70 

0-64 

8-09 

2-02 
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(B) 

Temperature 50° 
[Sodium hydroxide] = 4M 





* 2 X 10 5 

,000"] X 10 2 M 

C x 10 2 M 

10 3 min -1 

litres mol- 1 



min' 1 

5-06 

4-77 

5-87 

1-47 

3-54 

3-33 

5-85 

1-46 

2-56 

2-39 

5-94 

1-48 

1-60 

1-19 

5-86 

1-46 

0-70 

0-71 

5-89 

T47 


According to assumed steps of the reaction the velocity of the reaction should also 
proportional to the hydroxyl concentration to test this the series of the experiments 
have been performed with the different concentration of hydroxyl ion. 



TABLE 2 
Temperature 55° 
[CHBr 2 COO-] = 5-06 X 10- 2 M 


rOH-1 x M 


L. x 10* 


5-00 

4-00 

3-00 

2-00 

1-50 

1-00 


27-70 

20-40 

16-20 

13-80 

11-70 

8-80 
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It is evident from above table that as the concentration of hydroxyl ions is 
decreased the value of k 2 also decreases. This shows that the ionic strength of the 
reaction mixture is so high that the rate equation (4) can not be more strictly 
fulfilled. In following table the concentration of hydroxyl ion is varied by keep- 
ing the ionic strength of the medium constant by addition of potassium nitrate. 
Now the value of k. 2 is quite constant which shows that the velocity is also directly 
proportional to hydroxyl ion. 


TABLE 3 

Temperature 55° 
[CHBr 2 COO] = 5*06 X 10“ 2 M 
At = 3M 


[OH - ] x M 

k 2 x 103 

litres mol -1 min" : 

3*00 

1-62 

2-50 

1*64 

2-00 

1-68 

1-50 

1-65 

1-00 

1*60 

0'75 

1-62 

0-50 

1-65 


This k 2 is not true second order rate constant. The value of true second 
order rate constant ( k 2 ) can be calculated with the help of following equation 3 . 


- __ k x 

k 2 ~~ h (b-x) 


(6) 


where k k is first order rate constant and [b-x) decrease in the concentration of 
hydroxyl ions. In order to find the value of k x the experiments were carried out 
in buffer solution of disodium hydrogen phosphate and potassium dihydrogen 
phosphate at ionic strength equal to 3 having composition 


[CHBr.COO] = 5*06 X 10~ 2 M ; [Na 2 HPOJ = 0*02 M ; 

[KH 2 POJ = 0*007 M ; [NaN0 3 ] = 2*23 M. The value of first order rate 
constant comes out to be 1*20 X 1(H min- 1 . In presence of finite concentration 
of the hydroxyl ion the contribution overall velocity due to first order process is 
negligible but still has some contribution. So the total rate of the reaction can be 
expressed by following expression : 


- ~ = [CHBr 2 COO-] [OH'] + k x [GHBr 2 GOO'] 


( 7 ) 


dc 

It 


[CHBr a GOO'] 
k' =~kl OH-] + k x 


=1 2 [OH'] + k x 


( 8 ) 
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In order to find the value of % and k x a graph is plotted (see Fig. 1) between 
V and OH- at constant ionic straight. The strengt line is obtained from which 
the slope gives the value of k a as T58X 10 ® litres mole "*min T and the intercept gives 
value of jfcj as 1-25X 10' 1 min' 1 which is not much different from the value obtained 
by integral method. Once the value of k 2 and A, is known, the value ofl 2 can be 
calculated with the help of equ. (6), fa comes out to be 1-58x10-3 litre moH 
min'* 1 . 

The temperature coefficient of the reaction is nearly 2*63 (See Table IV) S o 
it is easy to calculate the value of k% at 75°. It comes out to be 60-84 x I(H 
litres mol -3 min- 1 where as the value of h 2 for dichloro-acetate ion is 8 0 x 10* 4 
litre mol” 1 min” 1 . On comparing these values for cliloro and bromo is higher than 
that of Ghloro which is due to the fact that bond energy vary in order C-Cl > 
C-Br. The value of energy of activation comes out to be 19,490 calories. 


TABLE 4 

Temperature “I*j X 1C” 4 litres mol 1 ” min 1 ” 


60° 

23-80 

55° 

15-80 

50° 

8-98 

45° 

6-10 


Isolation of products : 

After the completion of the reaction the products were separated with the 
help' of paper chromatography. The method of Stark and Go- workers 4 was 
employed, The products were glycollic acid and oxalic acid. The intermediate 
product namely sodium glyoxalate is separated as sodium diphenacyl acetate by 
addition of acetophenone to the reaction mixture. Reaction takes place accord* 
ing to following equation 6 

2C 6 H 5 COCH 3 + CHO COONa* (C 6 H c COCH,) 2 CHCOONa* 

This product is soluble in alcohol. Now this solution is mixed with hydro- 
chloric acid* The diphenacyl acetic acid thus precipitated was dissolved in alka- 
line solution and again precipitated with hydrochloric acid. The melting point 
of diphenacyl acetic acid comes out to be 130-132° and the equivalent weight as 
296*0 to 296*5 (found), 296*2 (calculated). 
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Abstract 


[Received on 5th December, 1968] 


., Thf ; da t a obtained in the kinetic study of bromination of 2 : 3 benzoauinoline 
(acridine) and 5 : 6 benzoqumohne with bromine in non-polar solvent viz carbon 
tetrachloride have been reported here. In each case the total order of hTreacS 

mechanism^" 


Introduction 

a bromination of the ^-deficient N-heteroarometics (acridine 

a + U rT a r ^ zo ^ uino < bne) in non-polar solvent viz* carbontetrachloride has been 
s udied tor the first time. The exact nature of the reaction products when bro- 
mine reacts with these aza-aromatics in carbontetrachloride solution at ordinary 
temperature have been discussed in detail by Acheson, Hoult and Barnard 1 , 
oiough and Ubbelohde 4 and more recently by Eisch 3 > 4 (in case of quinoline). 

1 C - asC acric ^ lne or 5 : 6 benzoquinoline one mole of each requires one 

mole of bromine. These compounds are stable in non-polar solvent viz. carbonte- 
tracnloride but gradually decompose in ionizing solvent like water and alcohol. 

ere the reaction has been studied in carbontetrachloride as solvent the com- 
pounds which are formed remain stable throughout entire course of the reaction. 

Experimental 

i H.) garde acridine, G. R. (E. Merk) grade 5 : 6 benzoquinoline 

and G. R. (E. Merck) grade bromine were employed. 

AnalaR (B, D. H.) grade carbontetrachloride after distillation in quick-fit 
pparatus was employed as solvent potassium iodide and sodium thiosulphate 
required for titrating were all A. R. (B. D. H.) grade samples. 

* th ^ neitc Measurement : The progress of the reaction has been followed exactly 
ID e same way as in the case of isoquinoline and bromine reaction 5 . 

Results and Discussion : The reaction between bromine and acridine or 5 : 6 
enzoqulnoline is very fast and corresponding measurements of the progress of 
. e re ^ction becomes difficult. An additional difficulty arises owing to the pre- 
cipitation of the reaction product right from beginning of the reaction. Conse- 
quently the rate constant for the initial parts of the reaction alone have been 
ca culated although the progress of the reaction has been followed till about fifty 
o ninety percent of bromine has been used up. 
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The total order of the reaction is two, unity with respect to each of the 
reactants. As the reaction proceeds the reaction mixture becomes more and 
more heterogeneous due to the precipitation of the product so it is quite possible 
that some of the bromine may be absorbed on the surface of the reaction product 
and hence, only initial slopes (viz. up to the point where 30% or 50% of the 
reaction is over) have been found out by drawing graphs between concentration 
against time and used for calculating the second order constants. The initial rate 
of disappearance of bromine can be given as 

- ~ = ^[Bromine] [C) (1) 

where C stands for acridine or 5 : 6 benzoquinoline and k is second order rate 

constant. The value of k is determined by dividing the value of -* with the 

concentration of compound and with concentration of bromine at which the slope 
is found out. Hence, the equation (i) can be expressed as 


[Bromine]* [C] 0 

where [Bromine]* represents the cdncentration of bromine at which the actual 
slope is measured and [C] 0 represents the initial concentration of acridine or 5 : 6 
benzoquinoline. 


dc 


Now the value of - ^ is found out by measuring the slope of the curve in 


dc 

initial part of reaction (See Fig. 1) and - y / 2 represents the slope in terms of 


dt 


molar concentration of bromine. Now - ~ / 2 X S/V represents the change 


dt 
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in gram molar concentration of bromine per litre of the solution, here S represents 
the strength of Hypo (sodium thiosulphate) required for titration and V volume 
of the reaction mixture withdrawn. 

The following table record the data obtained in study of the reaction 
between acridine and bromine. 

TABLE I 


Effect of variation of acridine concentration 
[Bromine] 0 = 99-70 X 10'W 


Temperature 

[acridine] 0 

X 10 -M 

[Bromine]* 

x 10W 

\tt) * 10 

ml. min" 1 

A X 10 
litres 

mol -1 min" 1 

o 

o 

50-00 

56-35 

98-00 

30-15 


25-00 

6069 

53-40 

30-52 


16-50 

52-02 

32-00 

32-31 


10-14 

65-02 

24*00 

31-56 

35° 

50-00 

62-58 

90*00 

25*71 


25 00 

53-68 

40*00 

26-67 


10*14 

71-52 

22-00 

27-12 


8 50 

71-52 

17-00 

25-00 

30° 

50-00 

60-00 

90-00 

21-17 


16-50 

72-09 

32-00 

21-55 


10-14 

76-09 

22 00 

22-84 


8-50 

72-09 

16*60 

21-70 

25° 

50-00 

75-06 

82-00 

18-66 


25-00 

75 06 

42-00 

17-91 


16-50 

73-39 

26-00 

18-23 


8-50 

8006 

14-00 

17-16 



TABLE II 




Effect of variation of bromine 

concentration 



[Acridine] 0 = 12*50 x 

io-w 


Temperature 

[Bromine] 0 

[Bromine]* 

Ca) * “ 

k X litres 

X low 

X low 

ml. min" 1 

mole' 1 mm 

o 

o 

130-80 

81-18 

36-00 

32 00 


99*70 

60-18 

29-00 

33-14 


69-60 

43-36 

36-00 

35-99 


49-12 

32-12 

20-01 

34-07 

35° 

96-56 

59*00 

22-00 

26-67 


68*69 

49-60 

14-00 

28-00 


49-12 

34-70 

17-00 

27-20 

30° 

98-05 

64-08 

22-00 

22-02 


68-64 

49-92 

17-00 

20-61 


50-17 

34-20 

20-00 

21-59 

25° 

134-50 

lit 00 

28-00 

18-66 


98-45 

79-23 

22-00 

18-61 


66-52 

52-25 

26-00 

18-16 
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TABLE III 

Effect of variation of 5 : 6 Benzoquinoline concentration 
[Bromine] 0 = 99-50 X lO'W 


Temperature 

[5 : 6 Benzo- 
quinoline] 

x io *m 

[Bromine] * 

X 10-W 

(i) * 

ml. min" 1 

k x 10 
litres 

mol- 1 min- 1 

o 

o 

66-65 

67-97 

64-00 

13-71 


40-00 

82-53 

48-00 

14*11 


20-00 

87 38 

28-00 

15-52 


12-50 

82 53 

16-00 

15-05 

35° 

66-65 

74-88 

30-00 

5*30 


20-00 

79-26 

10-60 

7-41 


12-50 

81-05 

8-00 

6-99 


[Brominej c 

, = 97-47 x 

io -m 


OO 

o 

o 

66-65 

76-70 

34-00 

7-85 


2000 

88-50 

14-20 

9-47 


12-50 

88-50 

8-50 

9 07 


[Bromine],, 

= 96-78 x 

10-*M 


25° 

66-65 

74-16 

90-00 

16-88 


40-00 

75-08 

52-00 

16-04 


20-00 

74-16 

28-00 

17-50 


12-50 

84:43 

17-00 

15-11 


TABLE IV 

Effect of variation of Bromine concentration 
[5 : 6 Benzoquinoline] 0 =■ 10*00 X 10 - 2 Af 

Temperature 

[Bromine] 0 

x 10 *M 

[Bromine] * 

X 10 *M 

(-5) x io -- 

ml. miir 1 

k x 10 
litres 

mol- 1 min- 1 

o 

O 

51-48 

37-50 

8-56 

14-27 


66-75 

55-12 

13-00 

14*73 


99-50 

82-53 

11-00 

12*94 


125-6 

108-80 

16 60 

12-57 

35° 

51-39 

40*26 

3-74 

6-80 


6512 

55-08 

3-33 

7-37 


98-85 

76-95 

5-40 

6*09 


126-20 

104-70 

7-00 

5-30 

30° 

68-77 

56-16 

9 00 

9-99 


97-47 

84-96 

6-40 

8-89 


133-4 

106-60 

7-60 

8-94 

O 

lO 

CM 

125-60 

112-10 

16-20 

18-23 


96-78 

78-80 

15-00 

17-65 


66-30 

55-08 

9 00 

16 65 


£0-05 

40-50 

13-00 

17-33 


f 336 ] 


A perusal of above tables shows that the value of second order rate constant 
m remains practically constant from one reaction to the other at constant tem- 
perature, showing thereby the validity of the equation (1). It is evident from the 
tables I and II in the case of acridine that as the temperature is increased the 
velocity of the reaction also increases and energy of activation comes out to be 
8*55 K, cals. On the other hand from tables III and IV in case of 5 : 6 benzo- 
quinoJine it is quite clear that as the temperatuie is increased velocity of the 
reaction decreases due to the fact that the product may namely 5 : 6 benzoquino- 
Kne dibromide decompose at these temperatures but as temperature is still higher 
the velocity increases. This may be due to the substitution of bromine in the 
ring of the compound, although this has not been investigated. 

The reaction between bromine and acridine or 5 : 6 benzoquinoline may be 
represented by following steps : 

K 

C + Br 2 ^ C Br 2 * 
k x 

C Br 2 * C. Br 2 

where C stands for acridine or 5 : 6 benzoquinoline and C Br<? may be regarded 
as an intermediate. Hence the rate of the reaction will be given by 


JQBpL = ky\C . Br.,*} ( 2 ) 

Now the equilibrium concentration of [C. Br 2 *] will be given by 

[C. Br*\ - KiC\ [Br 2 ] 


by substituting the value of [C. Br 2 *] in equn (2) 

zllM 

dt 


k x K[C] [Br 2 ] 
k [C] [Br 2 ] 


(3) 


which is a simple second order expression as has been confirmed by the measure- 
merits of the constents in the initial part of the reaction. T is > 

from adequately explain the present kinetic data. 
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Abstract 

During the chemical investigation of the pods of Cassia fistula a wax and 
disaccharide have been isolated and studied. The petroleum ether ext & 
deposited a waxy residue which was separated by filtration and purified. San^ 
fication of the purified wax, imp. 84-85°, yielded lignoceric acid, w-triacontaT 1 ! 
and n-triacontane-1, SO-diol. From the analytical data, the wax was found t 
consist of 57*2% of n-triacontyl lignocerate and 42 8% of delignocerate f 
rt-triacontane~l, 30-diol. The alcoholic extract of the defatted pods gave ° 
crystalline disaccharide which was identified to be sucrose. S a 


Introduction 


Cassia fistula (N. O. Caesalpiniaceae), commonly known as Amaltas in Hindi 
is highly reputed for the medicinal uses of its different parts. 3 In the fruit nul * 
Pal Liptdk and Iren Szdntg&li 2 have reported the presence of a yellow substance 
that became red on the addition of alkali but according to them micro-sublW 
tion could not ^ prove the presence of hydroxymethylanthraquinone. It a ]/ 
contains 1, 8-dihydroxyanthraquinone, rhein, sennosidcs A and B . s > 4 Karitn^ 
and Sacco 8 have found the presence of an unsaturated hydrocarbon wax aloin 
barbaloin, a glucoside of hvdroxymethoxyanthraquinone (unidentified) and a free 
or combined hydroxymethylanthraquinone. The present work was taken ud tn 
reinvestigate the chemical constituents of the pods of Cassia fistula. P 

Experimental and Results 


Extraction with Petr oleum- ether and separation of the Waxy Matter : 

The dried and powdered pods (5 kg) o i C. fistula were exhaustively extracted 
with petroleum ether (40-60 ). Concentration of the extracts deposited a waxy 
substance (2ffg, m.p. 78-80 ) which was filtered, washed repeatedly with ether 
84 85° Un ** eC ^ t ^ ir0u ^^ repeated crystallisations giving a waxy solid (10 g), m.p. 


Study of the Wax : 

i WaX a « s P ot 0-89 and 0*93} on thin-Iayers of silica 

chlorofor m-methanol (8 : 2). Infra-red spectra of the 

to Presence of carbonyl function (575 /« ; 1730 enr 1 ) proved 

arid . S the of wax (5 g) with 10% alcoholic KOH gave an 

acid and a mixture of alcohols. 
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i{A) Characterisation of the Acid : 

The acid (1*2 g ; S. E., 376), C 24 H 48 0 2 , m.p. 85-86°, should 1695 cm- 1 

max 

(COOB) and gave single spot on TLG in ethanol-water (75 : 25), acetone and 
acetone-chloroform (9 : 1). It was lound to be saturated and formed a methyl 
ester*, G 2 5 H 50 O 2 , m.p. 58-59°. These chemical and physical evidences together 
with paper partition chromatograpy 7 * 8 established the identity of the acid as 
lignoceric acid which was further substantiated by m.m.p. determination and 
co-chromatography with an authentic specimen. 

(5) Separation of the Alcohols : 

TLG of the neutral portion from the saponification of the wax on silica gel 
<?in chloroform- methanol (7 : 3) gave two spots. Column chromatography over 
activated alumina gave alcohols A and B by elution with pet.-ether (40-60°)- 
benzene mixture and chloroform respectively. * 

(a) Examination of the Alcohol A : 

The alcohol A * (900 mg), C 30 H 62 O, m.p. 85° after recrystallisation from 
benzene, was found to be pure by TLG in benzene-methanol (99 : 1) mixture and 
showed 3450 cm' 1 (OH). It did not give Liebermann-Burchardt test for 

sterol or triterpene and also bromine test for unsaturation but formed an acetate*, 
C 32 H 8 A> m «P* 69 - 70 °. Oxidation of the alcohol (300 mg) with cone, nitric acid 
over a water* bath for about 3 hours gave an acid*, G 30 H 60 O 2 ; m.p. 92-93 after 
crystallisation from hot methanol. The mol. wt, (448) of the acid was determined 
by titration method. 9 Thus, it is evident that the alcohol A contains a primary 
hydroxyl group. From these studies alcohol A was identified as «-~triacontanol. 

(b) Examine tion of the Alcohol B : 

The alcohol B* (600 mg), C S0 H 62 O 2 , m.p. 112-113° after repeated crystal]!, 
sations from cloroform-methanol, was found to be single entity by TLG in solvents 
consisting of chloroform and methanol. It gave negative tests ^ or unsaturation 
but formed a diacetate*, C 34 H 66 0 4 , m.p. 79-80° and showed B max 345Gcm 1 (OH). 

Nitric acid oxidation of the alcohol (300 mg) gave a dibasic acid, C^H^O^., which 
was worked up as usual and crystallised from petroleum ether to yield white 
crystals (150 mg), m.p. 121-122° and S. £. 9 , 233*6. The acid (90 mg) formed an 
ethyl ester*, C (H H 66 0 4 , m.p. 73-74° and S. E. n , 264. Thus the acid was identifi- 
ed as octacosane-1, 28-dicarboxylic acid 12 * 13 and the alcohol# as n-triacon ane-1, 
30-diol. 


Isolation and the study of the Disaccharide : 

Alcoholic extract of the defatted pods of C. fistula deposited a crystalline 
solid which on purification and crystallisation from aqueous alcohol lca 

crystals* (200 g), C 12 ,H 22 O n , m.p. 185-186°, [« + 65' 13° (water), 3550 > 

H60 and 1020 cm' 1 * (OH). Hydrolysis with acid followed by qualitative 

examination of the hydrolysate on paper 11 *- 15 and thin-layers an T’-’am* a ™ 
estimation by the periodate method 17 showed the presence o 8 , 

D-fructose in the molecular ratio of 1 : 1. The disacchande formed an 
Octaacetate, m.p. 71-72°, f a ]n 5 + 68‘4° (GHC1 S ) and an oc a J . * 

O In’ + 66-8° (methanol). Tims the disaccharide (a non- reducing .u gar) w 
inferied to be sucrose which was finally identified by Co-c rom S C P Y 
m.m.p. determination with an authentic sample. 
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Abstract 

Free convection flow following a sudden rise in the temperature of a 
horizontal semi-infinite flat plate, immersed in an electrically conducting fluid 
otherwise at rest, and with a magnetic field perpendicular to the plane of the 
plate, is studied. Simple velocity and temperature profiles are assumed and the 
time dependent components of the velocity and temperature are separated. It is 
found that the magnetic field reduces the free convection flow, whereas the heat 
transfer is not appreciably affected. 

Nomenclature 

A, Factor defined by the equation (6) 
a , Power index defined by the equation (6) 

B Magnetic Induction 

F Time dependent velocity function 

G Time dependent temperature function 

Gr, Grashof number 

g y Acceleration due to gravity 

Ly Characteristic length 

m 3 Power index defined by the equation (14) 

Ny Interaction parameter 
p Dynamic pressure 
P r Prandtl number 

q , Power index defined in the transformation (14) 

r, Power index defined in the transformation (14) 

s , Power index defined. in the transformation (14) 

T 3 Temperature inside the boundary layer 

Tco,, Temperature of the ambient fluid 
T Wy Wall temperature 
t 3 Time 

Uy Characteristic velocity 

Uy Component of the velocity along the # axis ,qx 

u±y Time dependent component of the velocity defined by equ. \ ) 
v y Component of the velocity along the j-axis 
Xy Coordinate along the x-axis 

)>y Coordinate along the y axis 
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Greek symtols . . 

a, Thermal diflfusivity 
P Expansion coefficient 
8, Boundary layer thickness 

[ / — I QO \ 

0, Dimension less temperature I J 

g Time dependent component of the temperature 
v, Kinematic viscosity 

t. Similarity variable defined in the equation (14) 
f, Ambient fluid density 
a-, Electrical conductivity 

Subscript 

First differentiation with respect to r 

1. Introduction : In practice cases where there is an uncontrolled transient 
rise in the temperature of the fluid carrying devices are of importances. The effect 
of such temperature rise on an electrically conducting, incompressible fluid is 
studied in this paper, taking a simple case of a semi-infinite horizontal flate plate 
with a transverse magnetic field imposed upon it. 

A horizontal semi-infinite flat plate has a stationary electrically conducting 
fluid over it and a magnetic field is applied transverse to the plane of the plate. 
Initially, the plate and the fluid are at the same temperature. Suddenly the 
plate-temperature rises to the value T w (> T qo)- The temperature of the plate 
drops to the orginal value immediately afterwards. Free convection ensues 
using Boussinesq approximation, the change in the density of the fluid due to the 
rise in temperature is taken into account in the buoyancy term only, which puts a 
limit on the value of T w - T . 

The magnetic field and the temperature vary along the plate in a fashion 
imposed by the requirements of the similarity solution of the equations for the 
time dependent components of the velocity and temperature. Such a magnetic 
field can be realized in practice by suitably arranging the current carrying loops. 

Magnetic Reynolds number is assumed to be small and therefore the induced 
magnetic field has been neglected. This assumption is valid for most of the liquids 
of practical importance. 

Approximate velocity and temperature profiles used by Gupta (1) in the 
similar steady flow problem have been assumed and by similarity transformation, 
the partial differential equations for the time dependent components of velocity 
and temperature have been transformed into ordinary differential equations. 
These equations have been solved on IBM 7044 digital computor at I.I.T. Kanpur. 

Gupta (1) has analysed the steady magnetohydrodynamic free convection with 
transverse magnetic field on a horizontal flat plate. Transient flow problems 
in the hydrodynamic case for compressible and incompressible fluids have been 
studied by Riley (2,3) 

2. _ Basic equations : The plate immersed horizontally in an electrically 
conducting fluid at the temperature T ^ , with a transverse magnetic field impressed 
upon it, gets suddenly heated to a temperature Tw ( > i CO ) at the time t = 0 + * 
The plate drops to the temperature T & immediately afterwards. Let the #-axis 
be along the plate and the j-axis perpendicular to it with the origin at the leading 
edge. The boundary layer equations of continuity, momentum and energy are 
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( 1 ) 


0a dv 

0 T + d} 




3 2 « crB 2 u 

0/ Peo 


and 


07” 0T 07“ 




02T 

0j> 2 

The corresponding steady flow equations are given in (1) 
The initial and boundary conditions are : 


( 2 ) 

(3) 


a == 0 
u = v = 0 
a = v = 0 
a = 0 
T=T^ 
T=T W 
T=T m 


CO 


at 


a; = 0 


for all values of y and t < 0 
for y — 0 and t > 0 

for y — > co and / ^ 0 

t < 0 

at y — 0 and t — 0 + 

as y —> co and t > 0 


(4) 


Integration of equation (2) with respect to_y from 0 to 8 and use of equation 
(1) gives 


f8 0 f8 / 0u \ <n8 2 j ?f° , 

1. <■» h“ J 

+ a;[ rr ‘ , “ r “'/, ^ Jjr T„ - “o ] 


Assuming 


0 => 


T- T a 


T w — T<x> 

Equation (3) can be written as 


l T w ~ T& — A. x a 


d 9 . 8 5 . 8 9 < an 6 , 8 3 0 

-0T + “-0^ 4 *■ 


0 / 


(5) 

(6) 

( 7 ) 

( 8 ) 


which when integrated with respect to^> from 0 to 8 yields 

&r . .. * + * 6 n ^ ; 

We assume simple profiles for a and 6 satisfying the boundary condition ( ) 
They are 

\* ( 9 ) 


u = iq (*, t).|- (1 - J/ U ) a 

0 = eA*, t). (i - j/8) 2 
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Substitution of equations (9) and (10) in the equations (5) and (8) leads to 
8 


du , J 

12 ' 3 f 105 3* 


3 , o.s v «i aB ~ V J 
(«i'S) = - -g 12 p 


CO 


■ff & 


1 


2a9, 


««! fj 8 

“SO* 


with the boundary conditions 

Uj = 0 ; 8 1 = 1 at t = 0 -f 
Introducing the transformations 


r 


Gr-/ 5 .!' 1 

L ‘ 


lOif Gr 2 ' 5 x r F(r) 

L 


(U) 

( 12 ) 

(13) 


'■ - $ c H 


JVp e, v \* 


B = 


<rL 

8 = y/g Z* x™/GrV* 


Gr l i 9 


(14) 


where Gr is the Crashof number — ^ — - and N is the interaction parameter based 

on the characteristic velocity (BgAvi) 2 !* and the characteristic length Z,= (v 2 / (jgA) 2 ^ 
Equations (11) and (12) become 

x m+r s pf + i.*sr+w- i {(, + m) F 2 - s t F F'} + 2 x r ~ m F +■ N x 2 X+ r +™ F 

- ^ a+2w " 1 {(a + 2 ?n) G ■* i r G'} = 0 (15) 

and 

**»-« G r -f {(r F ~ s r F 1 ) G ~~ s r F G f ' m F G) x m + r ~ l 

+ a x r +™-i FG-'p- x- m G = 0 (16) 

F r 

where P r is the Prandthnumber and prime denotes differentiation with respect to t. 
For similarity solution to be possible, the following relations must be satisfied 

OT + r- .y = 2r*fwi-l — r - m = 2 q 4 r + m *» a + - 1 

and 

w-jsrw + r- l «s - »2 

which yield 

m = i (2 - a), = | (2 - a), r | (2<z + 1) and q = ■£ (tf - 2) (17) 
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Similarity solutions of the equations (15) and (16) for any value of ‘a 1 and the 
corresponding values of V 2 , s, t and q except the value a — 2 can be obtained. 
We have, however, solved them for the particular .case when a = - J. The 
equations (15) and (16) for a = - \ become 

f'-^rff' + yr'+(2 + JV)f-|G + T(?'=0 (18) 

H-rF) G'-(r^ + i-) G = 0 (19) 

The boundary conditions are 

F(o) — 0 and G(o) = 1 (20) 

3. Solution and Results : Equations (18) and (19) under the boundary con- 
ditions (20) have been solved on IBM 7044 digital computor at I. I. T. Kanpur 
(India) for P r —L The results are shown in the table below. G does not depend 
appreciably on the interaction parameter. The curves in the Fig. are drawn for 
Ffor the values of JV* equal to 0T, 0*5 and 1*0. 



W= 0-1 


JV = 

0-5 

N = 

1-0 

T 

F 

G 

F 

G 

F 

G 

0*00 

0 000000 

1-000000 

•00000 

1-000000 

•oooooo 

1-00000 

0-05 

0-023097 

1-051883 

*022869 

1-051875 

•022589 

1-051865 

o-io 

0*042495 

1-107554 

•041667 

1-107491 

•040662 

1*107416 

0.15 

0-058302 

1*167016 

0-56615 

1-166813 

•054600 

1-166573 

0-20 

0-070584 

1-230210 

•067885 

1-229752 

■064706 

1-229214 

0*25 

0 079396 

1-296996 

•075628 

1-296144 

•071253 

1-295165 

0-30 

0-084823 

1-367143 

•080017 

1-365759 

•074518 

1-364198 

0-35 

0-086988 

1-440333 

•081251 

1*438296 

•074777 

1-436038 

0-40 

0086090 

1-516182 

•076584 

1-513404 

•072341 

1-510377 

0-45 

0-082394 

1-594270 

•075316 

1-590711 

•067536 

1-586897 

0-50 

0-076223 

1-674176 

•068782 

1-668950 

•060706 

1-665290 

0-55 

0-067933 

1-755510 

•060333 

1-750483 

•052183 

1-745273 

0-60 

0 057890 

1-837930 

•050312 

1-832313 

•042285 

1-826594 

0-65 

0-046441 

1-921152 

•039040 

1-915091 

•031300 

1-909038 

0 70 

0-033904 

2-004946 

■026806 

1-99861 1 

•019480 

1-992422 

0-75 

0*020555 

2-089133 

•013855 

2-082707 

•007042 

2-076593 

0*80 

0-006628 

2-173570 

*000397 

2-167243 

- -005835 

2-161421 
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1. Introduction 

In 'parts I to IV [1-4J the problems of rectangular and circular blocks bent 
into shells have been solved on the basis of linear stress-strain relations. 

During the last two decades the problems of incompressible rectangular and 
circular blocks bent into shells have been solved by various authors [5-91 and 
solutions obtained in terms of a general strain energy function. Various refer- 
ences are found in surveys by Green and Zerna f 10] and Green and Adkins [11]. 

Recently, Green and Adkins [12] solved the problem of bending of an aelo- 
tropic cuboid into a right circular cylindrical shell and obtained a solution in 
terms of a general strain energy function. In this paper the problem of bending 
of an aelotropic incompressible circular block bent into an ellipsoidal shell has 
been considered. The solution has been obtained in terms of a general strain 
energy function. The case of a circular block bent into a spherical shell has been 
obtained as a particular case. 

2. Notation and formulae 

We adopt the notation and formulae of Green and Zerna [10] and Green 
and Adkins [11]. 

Let x l be the initial, y i the final and 0* the curvilinear coordinates of the 
strained body, with gij and Gjj as metric tensors for the coordinate system 0* in 
the unstrained and strained states of the body respectively. Then the covariant 
strain tensor v^j is given by 

2 vij-Gij-gij 21 

The strain energy W of a homogeneous aelotropic body is expressed as a 
polynomial 

W = W(eij) 22 

in tlie components of strain «;y, where 

00‘ 39-* 2*3 

* rs ~ dx r dx • Vi ’ 
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The stress tensor T*J for a compressible body is given by 

1 f dW, dW \ 0fl» 8 B[ 

T%3 = Wh + 8'.r 1 S/ 3* s 


2-4 


where h ~ I 2 e rs + Srs 

For an incompressible body, 

/ 3 = 1 

and Tij = % ( 

where b is a scalar function of0\ and ^ is the contravariant metric ttnsor of 

the curvilinear coordinates 0 1 in the deformed body. 

The equations of equilibrium, in the absence of body forces, are 

TV ][/ = 0 2-6 

the double line denoting convariant differentiation with respect to the curvilinear 
coordinates 0* in the deformed body. 

The physical components of stress oyy are given by 



dW 


dw\ 
f dn sr / 


00* 00* 


+ pG'S, 


?-5 


3 . Bending of an incompressible aelolropic circular block into an ellipsoidal shell 

Suppose that in the undeformed state of the body it is a circular block 
bounded by the planes * 8 = a u * 3 = H («a > a i) and the cylinder x? + * 2 2 = a 2 . 
The block is then bent symmetrically about # 8 axis into a part of an ellipsoidal 
shell, whose inner and outer boundaries are the ellipsoides of revolution obtained 
by revolving the confocal ellipses 

= c cosh £ cos v 9 x 1 c sinh £ sin Vi £ = £i (i = 1, 2) ; 3d 

about the x 3 axis respectively and the edge v = a. Let the - axis coincide with 
xi - axes and the curvilinear coordinates 6j in the deformed state be a system of 
orthogonal curvilinear coordinates [£, v 9 ¥>), where <P is the angle between y x y^ 
plane and the plane through a point in the space and y 3 - axis. 


Then 


y x — c sinh £ sin v cos 9, y 2 =■ c sinh £ sin V sin ¥>, = £ cosh £ cos 3*2 

Since the deformation is symmetric about y 3 - axis, we see that 

(i) the planes x 3 = constant in the undeformed state become the ellipsoidal 

surfaces £ = constant in the deformed state, 

(ii) the curves x x 2 4- * 2 2 = constant in the undeformcd state become the 

circles V - constant in the deformed state, 


(izi) tan" 1 — = 9 , 

These imply that 

= /(£)> Oj 5 + = F(v) 9 tan 9 = x 2 
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which give 

#! = F^) cos y, x 2 = F(i}) sin ?, # 3 = /(£). 

The metric tensors for the strained and the unstrained state of the body are 
given by 

c 2 (cosh 2 £ - cos 2 v) 0 


Hj = £ 


gij — 


0 
0 

/ ' 2 
0 
0 


c 2 ( cosh 2 £ - cos 2 v) 

0 r 2 sinh 2 £ 


0 1 
0 

inh 2 £ sin 2 ?? J 


3*5 


0 0 
F n 0 
0 F 2 


where 


r . df dF 

f **4z > and F r « -p . 

J dg 3 dv 


3-6 


The condition of incompressibility 
= 1 gives 


g 3 (cosh 2 £ - cos 2 ??) sinh £ __ FF' 3.7 

/' ~~ sin V 

In this equation, the variables £ and V can be separated only if 1 ? is so small 
that cos ?7 can be replaced by unity. Physically this implies that the maximum 
value of V 9 which is approximately equal to the ratio of the circular block in the 
deformed state to the semi-axis of the ellipsoidal shell in the direction of the 
j^-axis, measured in radians, is a small quantity. This, however, does not mean 
that the displacements^ - x l9 y 2 - x 2 ,y$ - *3 are all small. 

Then (3 # 7) can be written as 



c 3 sinh 8 £ F F' 

r ~ v ~ A> 

;3-8 

where A is an 

arbitrary constant. 


Then 

*3 - m = j\ £ di + P 

3-9 


= J(— « - cosh £) +1» 

3-10 

and 

x* + x* = F\v) - An* + D, 

3-11 


where B> D are constants. 

As the internal and external boundaries of the ellipsoidal shell are given by 
£ « £;, i = 1, 2) respectively which were initially the planes * s = *1* *a “ 
(3*10) gives 

c 3 f cosh 3 £i - 3 cosh \ » p ; ^ 1 2. 3*12 

ai ~ 2 [ r * 
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Solving these equations, we get 


A 


B = 


( a 2 


*l){ 


cosh 3 | 2 - cosh 3 £ r 


- (cosh £ 2 - cosh $ L ) j. 

«, (-S^- - co S h £, ) - ■», ( - cosh £, ) 

costs tt- coshs&j. _ (cosh £i _ cosh ,, 


3-13 


3' 14 


Since the bending is symetric about the * a - axis, we must have aq 2 -f. x i _ q 
when ■>? = 0. Then (3-11) gives 

*i 2 + * a 2 = = Av*. 

After substituting (3-10) and (3T5) in (3-5) and (3-6) we get 


G{j — 


G l J = 


Eij — 


s t} = 


( c sinh £) 2 
0 
0 

1 

"(iTsinh I ) 2 
0 

0 

I c sinh £)<* 

' I 5 ""” 

0 

0 

A l 

' (c sinh £) 2 

0 

0 


0 0 

(c sinh £) 2 0 

0 ij 2 (c sinh £) 2 J 

0 0 

1 


(c sinh £) 2 
0 

0 

A 

0 

0 

A 

0 


0 

1 


V'\e sinh) 2 


From (2-1), (2-3), (3T6), (3-17), we get 


dx r 
dB r ~ 

- 0 F' 

0 F' 

cosh f 

sin f 

0 


0 

0 

dd r • 
dx 8 ~ 

, cos V 
~F’ 

- sin f 

sin V 

~P’~~ 

cos V 


y- 

~F 


-F sin f 
F cos IP 
0 

1 

f ~ 

0 

0 


3-15 


3-16 


3-17 


318 


3*19 


3-20 


3-21 
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3-22 


From (2-1), (2’ 3 ), ( 3<l6 ) to ( 3 '21)> the strain tensors vy and are given by 

2 ^22 =* (* a sinh 2 £ - A), 

2 v 33 = v 2 (c 2 sinh 2 £ - 4), 
v l3 = v 23 = v 3l = 0 . 

2 e - t sinh!> L _ . 

^ e n tj 

_ c 2 sinh 2 £ 

Ae n — 2 1 J 

2 * 83 = ^ sinh 4 £ " 1} 


^12 — ^21 


e 3l — 0 . 


r 2 sinh 2 £ * 


Also, from (2*5) and (3*23), wc obtain the components of the stress tensor 

7~n —j f ^ w \ i P 

c Q sinh Q £ \ S <? 83 J c 2 sinh 2 £ * 

J-22 j— __L. ^ 4. Jl -■ 

A \ de n J c* sinh 2 £ , 

7-83 _ J / 3 ® \ . P 

Av tJ \ de n J * y-c 2 sinh 2 £ 

The non-zero Christoffel symbols are given by 

I\\ = Tlx Tii = cosh £, Vl 2 = - cosh £, rj 8 = - V 2 cosh £. 

The equations of equilibrium (2*6) with the help of (3*25) reduce to 

9 £- + c ° th £ (4 r 11 - r 22 - ^ 2 r ss ) = o, . 
o§ 

and the other two equations being satisfied identically. 

Substituting (3-24) in (3-26) we get 

9T U _ coth £ |~ 2t 2 sinh 2 £ dw 2,d 2 0m_"l 

c£ — c- sinh 2 '£ [_ A de n r^sinh 4 £ de 33 J 

_ 2 coth £ r -d 2 3w , /] 

c 2 sinh 2 £ [_ e 4 sinh 4 £ 0*33 ^ J 

Now 3W _ 3^ 3*„ . W 0^ 4 . ^ 3 M 

0 £ 3*n 3£ 3*22 3£ 0« 3 3 3£ 
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^ 2 c 2 sirih 2 £ W 2 A 2 dw i 

~ c u S l A- de n " <?sinh« £ 8^~_ 


Substituting (3*28) in (3*27) we get 

ST 1 _ i 0PF _ 2 coth £ T _ 0J7_ -] 

0£ c 2 sinh' ! £ 0tf 33 c 2 sinh 2 £ O sinh 2 t £ 8e 3;) • ’^J 

Again from (3*24) and (3‘29) we obtain 

dp dW 4 A 2 cosh £ 8 if d 2 _ 0 / dJV \ 

0£ ” 0£ c 1 sinh 8 £ 3«33 c‘ sinh 4 £ 8£ \ 8« 33 / 

which gives on integration 

... , ... d 2 / aw \ 

/) = Kf + M/ 0 - n-j-j-i ( or- ) > 


where is a constant. 

From (2-7), (3-24) and (3-31) we get 

-cr u ^W+W 0 , , 


c ' 1 sinh 2 $ / dW\ . , A 2 ■ f dW 


*--- H '+ ^ “'jHKPi (*r) ■ 3,, 

Boundary conditions . . 

If the inner boundary of the sh'ell £ = gi'is free frqrft traction, we must have 

, <r n = 0 where £ = £ : . 

which on substitution in (3*32) gives - 1 ■' < ■ ■■ 

On the outer surface of tlie shell £ £ 3 ; , we have to apply a normal traction 

R given by , , . , 

7? = <r u (£ 3 ) = W[Q - W(£i). . , 3*33 

On the edge »; = a the distribution of tranctions between f and V -j- df give 
rise to a force Fand a couple qf m,ome.nt /W,about the origin given by 

F = a. j'"’ 2 u\j 3 (c sinh £) 2 <f£, " ’ 3-34 

* Si 

•A * 1 ' ■ -1 \ ’ 

M ~ a j^ 2 ' (c iinh £) 2 (c coslv-£) rf£. 3’35 

Substituting (3*32 ) in these equations, we get. 1 

'-/a[ (B, + ^ * s “‘ ! « ( Z) - ~£sn O’ 
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</£.' 

3*36 



M=a. Jl* £(1V+ cS sinh2 £ cosh 


c B sinh 4 £ cosh £/ 01^ 


A 2 cosh £ / 9W \”1 o.!i 7 

- WSef 337 

which can be integrated when the strain energy function W is specified. 

4. Particular case 

Bending of an aelotropic incompressible circular block into a spherical shell : 

If c cosh = c sinh £$ in (3*1) we get the case of a circular block bent 
into a spherical shell, so that 

£ — > oo , c -> 0, and c cosh £, r nnh £ r, 4*1 

and consequently the orthogonal curvilinear coordinates (£, V , P) are replaced by 
the spherical polar coordinates (r, 9, ?). Then equations (3*32), (3*36) and (3‘37) 
reduce to 

<r n ~ W + W Qi 

r,r , r 2 / 8 \ A*/dW\ 4*2 

ff22 = cr 8s =^ + +i( S -J- r T(g^J 3 


— « 


( H/ 0 ) r. 2 - r/) 


f r 2 rV8^ 

J rj 0« n 


r° 3 «s3 / J 
i r* S«33 / J 


r (W'+W'o) (tf-r,) , r-r*(dW A*dW\' S/lr 1 4.4 

M= “L 3 + J 

Thus, to bend an aelotropic circular block into a part of an ellipsoidal shell, 
we require a resultant F and a couple M on the edge together with a normal 
force R on its outer surface. 
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